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Wkh Pdfurhfrqrplf Frqvhtxhqfhv ri Sxeolf
Ilqdqfhv= D srwhqwldo H{sodqdwlrq iru wkh




Lq rughu wr vwxg| wkh pdfurhfrqrplf hhfwv ri sxeolf qdqfhv/ zh
frqvwuxfw d frpsxwdeoh jhqhudo htxloleulxp prgho zlwk ryhuodsslqj jhq0
hudwlrqv/ hqgrjhqrxv jurzwk dqg hqgrjhqrxv uhwluhphqw djh1 Zh fdoleudwh
wklv prgho rq Ehojldq gdwd1 Zh vkrz wkdw lw lv deoh wr uhsolfdwh wkh re0
vhuyhg lqfuhdvh lq oderu lqfrph wd{ dqg d vxevwdqwldo sduw ri wkh gurs lq
wkh uhwluhphqw djh uhfrughg ryhu wkh odvw iw| |hduv1 Lq dgglwlrq/ zh qg
wkdw wkh vkdus lqfuhdvh lq jryhuqphqw h{shqglwxuhv qdqfhg e| oderu lq0
frph wd{dwlrq dqg wkh exloglqj xs ri d kljk ohyho ri sxeolf ghew pd| kdyh
vljqlfdqwo| frqwulexwhg wr wklv hyroxwlrq1 Wklv prgho ixuwkhu vxjjhvwv
wkdw d srolf| dlphg wrzdugv d uhgxfwlrq lq wkh sxeolf ghew dv zhoo dv d
shqvlrq uhirup lpso|lqj d orzhu wd{dwlrq rq rog zrunhuv zrxog frqvwlwxwh
srolwlfdoo| ihdvleoh dowhuqdwlyhv wr uhgxfh wkh qhjdwlyh lpsdfw rq djlqj e|
jhqhudwlqj dq hqgrjhqrxv lqfuhdvh ri wkh uhwluhphqw djh1
MHO Fodvvlfdwlrq qxpehuv= H95/ K88/ M591
Nh|zrugv= Uhwluhphqw/ shqvlrqv/ wd{0wudqvihu srolflhv1
4 Lqwurgxfwlrq
Wkh uvw sduw ri wkh odvw fhqwxu| kdv ehhq fkdudfwhul}hg lq wkh pdmrulw| ri
RHFG frxqwulhv e| wkh ghyhorsphqw ri wkh Zhoiduh Vwdwh dqg e| dq lqfuhdvh ri
sxeolf lqwhuyhqwlrq lq wkh hfrqrp|1 Diwhu Zruog Zdu LL/ jryhuqphqw ehfrphv
WZh wkdqn wkh vhplqduv sduwlflsdqwv ri wkh SDL0XDS2DUF Zrunvkrs lq Pdwdjqh/ ri wkh
Zrunvkrs lq Sxeolf Hfrqrplfv lq Ohxyhq/ ri wkh YL Zruvkrs lq G|qdplfv Pdfurhfrqrplfv lq
Yljr +Vsdlq,/ ri wkh grfwrudo sur0vhplqdu ri XFOD +XVD,/ dqg ri wkh 89wk HVHP Phhwlqj lq
Odxvdqqh1 Zh zlvk dovr wr wkdqn I1 Grftxlhu/ K1 Vqhhvvhqv/ G1 gh od Furl{/ P1 Pdufkdqg/ S1
Plfkho/ U1 Erxfhnnlqh/ M1Y1 Ulrv0Uxoo/ F1 D}duldglv dqg W1 Nhkrh iru wkhlu khosixo frpphqwv
rq wklv zrun1 Ilqdqfldo vxssruw ri wkh SDL surjudp S7234 dqg wkh DUF surjudp Jurzwk
dqg Lqfhqwlyh Ghvljq lv judwhixoo| dfnqrzohgjhg1
_Qdwlrqdo Ixqg iru Vflhqwl￿f Uhvhdufk dqg LUHV/ Xqlyhuvlw￿ Fdwkroltxh gh Orxydlq/ Sodfh
Prqwhvtxlhx 6/ E0467; Orxydlq0Od0Qhxyh/ Ehojlxp1 H0Pdlo= pdklhxCluhv1xfo1df1eh
4d pdmru dfwru ri wkh vrflhw|/ olnho| wr dhfw wkh hfrqrp| wkurxjk wkh hyroxwlrq
ri lwv qdqfhv dqg lwv qdqflqj phwkrgv1
Uhjduglqj wklv dvshfw/ Ehojlxp frqvwlwxwhv dq lqwhuhvwlqj fdvh vwxg|/ dv lw
uhsuhvhqwv iru pdq| dvshfwv dq h{wuhph fdvh ri wkh Hxurshdq vdpsoh1 Wkh uroh ri
wkh vwdwh lq wkh hfrqrp| dqg lwv qdqfhv kdyh lqghhg uhfrughg pdmru hyroxwlrqv
lq wkh vrflr0hfrqrplf klvwru| ri Ehojlxp diwhu Zruog Zdu LL1 Lq dgglwlrq/ dv
idu dv wkh hyroxwlrq ri sxeolf qdqfhv lv frqfhuqhg/ Ehojlxp kdv uhsuhvhqwhg
dqg2ru fdq vwloo eh frqvlghuhg dv wkh gxqfh ri wkh fodvv ri RHFG frxqwulhv
+lq sduwlfxodu iru wkh kljk ohyho ri wd{dwlrq dqg sxeolf ghew/ vhh Dsshqgl{ D15,1
Dpsoh pryhphqwv ri sxeolf qdqfhv/ dv lq Ehojlxp/ duh olnho| wr kdyh di0
ihfwhg wkh sdvw sdwwhuq ri pdfurhfrqrplf yduldeohv exw dovr wkhlu ixwxuh rxwfrph
e| uhtxlulqj pdmru uhirupv ri sxeolf qdqfhv1 Rxu dlp lv wkhuhiruh wr ghyhors d
frpsxwdeoh prgho zlwk d ghwdlohg ghvfulswlrq ri wkh sxeolf qdqfhv djjuhjdwhv/
lq rughu wr vwxg| wkh sdvw dqg ixwxuh hhfwv ri vxfk sxeolf srolflhv1
Lq sduwlfxodu/ rqh vwulnlqj ihdwxuh ri wkh odvw iw| |hduv lv wkh vkdus ghfuhdvh
lq wkh oderu sduwlflsdwlrq ri rog zrunhuv lq ydulrxv RHFG frxqwulhv +vhh wdeoh
D14,1 Vxfk dq hyroxwlrq lv sureohpdwlf dv lw fkdoohqjhv wkh ixwxuh vxvwdlqdelolw|
ri SD\J shqvlrq v|vwhpv/ douhdg| sxw xqghu suhvvxuh e| wkh gurs lq ihuwlolw|1
Wklv skhqrphqrq kdsshqv zlwk dq h{wuhph lqwhqvlw| lq Ehojlxp zkhuh wkh
fxuuhqw dyhudjh uhwluhphqw djh +8:19 |hduv, lv wkh orzhvw dprqj wkrvh frxqwulhv1
Pd| vxfk dq hyroxwlrq eh uhodwhg wr wkh pryhphqwv ri sxeolf h{shqglwxuhv
dqg wkhlu qdqflqj phwkrgB Ryhu wklv shulrg/ wkh jhqhurvlw| ri shqvlrq vfkhph
+phdvxuhg e| wkh jurvv uhsodfhphqw udwh4, grhv qrw kdyh vkduso| lqfuhdvhg/
zkloh d vxevwdqwldo ulvh ri wkh diwhu0wd{ uhsodfhphqw udwh5 kdv ehhq uhfrughg61
Wklv vxjjhvwv wkdw/ udwkhu wkdq wkh lqfuhdvhg jhqhurvlw| ri wkh shqvlrq vfkhph/
wkh hyroxwlrq ri wkh oderu lqfrph wd{dwlrq/ zklfk lq xhqfhv wkh lqfhqwlyhv wr
zrun/ pd| eh dq lpsruwdqw hohphqw wr frqvlghu zkhq wu|lqj wr h{sodlq wkh
ghfolqh lq wkh oderu irufh sduwlflsdwlrq1 Khqfh/ d txhvwlrq rxu prgho dlpv dw
dqvzhulqj lv zkhwkhu dqg wr zkdw h{whqw wkh gurs lq wkh sduwlflsdwlrq udwh ri rog
zrunhuv pljkw kdyh ehhq lqgxfhg e| h{sdqvlrqlvw vfdo srolflhv1
Vxfk d prgho frxog eh frqvlghuhg dv frpsohphqwdu| wr wkh plfurhfrqrplf
prghov/ zklfk/ lq sduwldo htxloleulxp/ dqdo|}h wkh lpsdfwv ri wkh ohyho ri wudqv0
ihuv rq wkh lqglylgxdo uhwluhphqw ghflvlrq71 Wklv prgho zrxog wkhq oo d yrlfh lq
wkh olwhudwxuh e| dqdo|}lqj wkh jhqhudo htxloleulxp hhfwv ri uhwluhphqw ehkdy0
lru8 dqg xqghuo|lqj wkh srwhqwldo pdfurhfrqrplf lqwhudfwlrqv ehwzhhq sxeolf
4Wkh udwlr ri phdq jurvv +ehiruh0wd{, shqvlrq uhfhlswv ryhu phdq jurvv +ehiruh0wd{, zdjh
5Wkh udwlr ryhu phdq diwhu0wd{ shqvlrq uhfhlswv ryhu phdq diwhu0wd{ zdjhv
6Wkh jurvv +diwhu0wd{, uhsodfhphqw udwh urvh iurp 83( +:5(, lq 4<:8 wr 8813:( +;71;(,
lq 4<<8/ vhh Shvwlhdx dqg Vwlmqv +4<<<,1
7Vhh Dwnlqvrq +4<;:,/ Gldprqg dqg Juxehu +4<<:, iru vxuyh|v ri wklv olwhudwxuh> Uxvw
dqg Skhodq +4<<:,/ Vdpzlfn +4<<;,/ Vwrfn dqg Zlvh +4<<3 d/e,/ iru uhfhqw dqdo|vhv dqg
Ghoolv/ hw do1 +5334, iru wkh Ehojldq fdvh1 Iurp vxfk dqdo|vhv/ Vdpzlfn +4<<;, frqfoxghv
wkdw cdowkrxjk lw lv srvvleoh wr hvwlpdwh vwdwlvwlfdoo| vljql￿fdqw uhodwlrqvkls ehwzhhq wkh ohyho
ri Vrfldo Vhfxulw| ehqh￿wv dqg wkh olnholkrrg ri uhwluhphqw dw ydulrxv djhv/ wkhvh hvwlpdwhg
uhodwlrqvklsv w|slfdoo| lpso| d vpdoo hfrqrplf lpsdfw ri dowhulqj Vrfldo Vhfxulw| ehqh￿wv rq
wkh dyhudjh djh ri uhwluhphqw ru olnholkrrg ri uhwluhphqw1 Wkhvh uhvxowv vxjjhvw wkdw wkh wuhqg
wrzdugv orzhu oderu irufh sduwlflsdwlrq kdv rwkhu h{sodqdwlrqv*1
8Hqgrjhqrxv uhwluhphqw ghflvlrq lq d jhqhudo htxloleulxp iudphzrun duh wkhruhwlfdoo| dqd0
5qdqfhv/ qdqflqj phwkrgv dqg uhwluhphqw ghflvlrqv1
Rq wkh rwkhu kdqg/ orrnlqj wrzdugv wkh ixwxuh/ uhirupv ri sxeolf srolflhv duh
h{shfwhg wr rffxu iru dw ohdvw wzr uhdvrqv1 Iluvw/ Pddvwulfkw Wuhdw| uhtxluhv wkh
Hxurshdq jryhuqphqwv wr uhgxfh sxeolf ghew 0 rxwsxw udwlr wr 93 (1 Vhfrqg/ wkh
djhlqj ri srsxodwlrq uhtxluhv vrph dgmxvwphqw ri wkh shqvlrq vfkhphv lq prvw
ri wkh RHFG frxqwulhv1 Zh lqyhvwljdwh zkdw duh wkh suhglfwhg pdfurhfrqrplf
hhfwv ri ydulrxv vfhqdulrv ri sxeolf ghew uhgxfwlrqv dqg shqvlrq uhirupv/ lq0
foxglqj wkh hhfwv rq wkh uhwluhphqw djh lq frqwudvw wr wkh pdmrulw| ri hpslulfdo
frqwulexwlrqv lq wklv hog1
Iru vxfk d sxusrvh/ zh xvh d fdoleudwhg jhqhudo htxloleulxp prgho zlwk
ryhuodsslqj jhqhudwlrqv/ zklfk dffruglqj wr Plohv +4<<<, lv suredeo| wkh rqo|
uholdeoh wrro iru frqgxflqj h{shulphqwv frqqhfwhg zlwk sxeolf srolf| dhfwlqj
glhuhqw jhqhudwlrqv lq glhuhqw zd|v1 Zkloh wklv prgho lv ri vlplodu w|sh wr wkdw
ghyhorshg e| Dxhuedfk dqg Nrwolnr +4<;:,/ wkhuh duh lpsruwdqw glhuhqfhv1
Iluvw/ rxu prgho doorzv iru whfkqrorjlfdo surjuhvv/ zklfk dhfwv wkh hduqlqjv
surohv dqg lv wkhuhiruh d pdmru ghwhuplqdqw ri wkh lpsdfw ri ghprjudsklf
vkliwv1 Vhfrqg/ lq frqwudvw wr wkh pdmrulw| ri wkh dssolfdwlrqv ri fdoleudwhg
ROJ prghov9/ jurzwk lv hqgrjhql}hg wkurxjk d vshflfdwlrq ã od Oxfdv +4<;;,1
Kxpdq fdslwdo lqyhvwphqw pdgh e| |rxqj djhqwv lv wkh hqjlqh ri jurzwk1 Wklv
vshflfdwlrq doorzv wr dffrxqw iru wkh odujh lqfuhdvh lq hgxfdwlrq lqyhvwphqw
iurp wkh vl{wlhv wr wkh qlqhwlhv1 Wklug/ wkh uhwluhphqw ghflvlrq lv pdgh hqgrjh0
qrxv1 Lq dgglwlrq wr fkrrvh klv lqyhvwphqw lq hgxfdwlrq dqg klv frqvxpswlrq
suroh/ hdfk djhqw fduhv derxw ohlvxuh zkhq rog dqg ghflghv ryhu klv rswlpdo
uhwluhphqw djh :1 Rxu prgho h{whqwv wkh prgho ri Erx}dk}dk/ gh od Furl{ dqg
Grftxlhu +5334, wr lqfoxgh hqgrjhqrxv uhwluhphqw ghflvlrq1 Irxuwk/ rxu prgho
glhuv iurp Dxhuedfk dqg Nrwolnr +4<;:, lq wkh djh0surgxfwlylw| uhodwlrqvkls
dqg lq wkh qdwxuh ri wkh sxeolf shqvlrq vfkhph1 Wkh djh vshflf surgxfwlylw|
jurzwk uh hfwv wkh djhqw*v surgxfwlylw| fkdqjh ryhu klv olih0f|foh dqg lv edvhg rq
plfur hylghqfh1 Wkh sxeolf shqvlrq vfkhph lv prghohg dv d SD\J Ehyhulgjhdq
v|vwhp1;
Zh surfhhg dv iroorzv1 Zh fdoleudwh wkh sxeolf qdqfhv djjuhjdwhv vr dv
wr pdwfk wkhlu hyroxwlrq lq Ehojlxp ehwzhhq 4<93 dqg 5333 dqg ghwhuplqh wkh
hyroxwlrq ri wkh uhwluhphqw djh/ hgxfdwlrq lqyhvwphqw dqg rwkhu pdfurhfrqrplf
yduldeohv suhglfwhg e| wkh prgho1 Zh wkhq frpsduh wklv uhihuhqfh vfhqdulr wr
rwkhuv zkhuh vrph ri wkh sxeolf djjuhjdwhv vwd| frqvwdqw ryhu wlph +lq ( ri
JGS,1 Lq wklv zd| zh fdq frpsxwh wkh frqwulexwlrq ri hdfk sxeolf srolf| wr
o|}hg e| Kx +4<:<,/ Plfkho dqg Shvwlhdx +4<<<, dqg gh od Furl{/ Pdklhx dqg Uloodhuv +5333,1
9Rqh h{fhswlrq lv wkh sdshu ri Grftxlhu dqg Plfkho +4<<<, wkdw surylghv d vlpxodwlrq
h{huflvh ri d wkuhh shulrgv ROJ prgho1 Dqrwkhu lv Erx}dk}dk/ gh od Furl{ dqg Grftxlhu +5334,
wkdw ghyhorsv d vlplodu prgho fdoleudwhg rq Hxursh/ exw zkhuh uhwluhphqw djh lv h{rjhqrxv1
:Zkloh wkh ohjdo +pdqgdwru|, uhwluhphqw djh lv ￿{hg lq Ehojlxp dw wkh djh ri 98 iru phq/
wkhuh h{lvw zlghvsuhdg hduo| uhwluhphqw sodqv/ hyhq ehiruh 93/ wkh djh ri holjlelolw| iru vrfldo
vhfxulw| ehqh￿wv1 Wklv v|vwhp ohdgv wr d ydulhw| ri h￿hfwlyh uhwluhphqw djhv1 Wkh hpslulfdo
hylghqfh vxjjhvw wkdw dw ohdvw ri iudfwlrq ri wkhvh ghsduwxuhv fdq eh frqvlghuhg dv lqglylgxdo
ghflvlrqv1 Vhh dsshqgl{ E iru ghwdlov1
;Dq dvvxpswlrq mxvwl￿hg e| wkh orz olqndjh ehwzhhq frqwulexwlrqv dqg ehqh￿wv lq wkh
Ehojldq sxeolf shqvlrq vfkhph +vhh dsshqgl{ E,1
6wkh sdvw hyroxwlrq dqg lq sduwlfxodu dvvhvv lwv srwhqwldo uhvsrqvlelolw| lq wkh
uhgxfwlrq ri wkh hhfwlyh uhwluhphqw djh1 Ilqdoo|/ zh shuirup vrph vlpxodwlrqv
looxvwudwlqj wkh hhfwv ri ydulrxv jryhuqphqw srolf| uhirupv/ lqfoxglqj wkh hhfw
rq wkh uhwluhphqw djh1
Zh vkrz wkdw vxfk d prgho lv deoh wr uhsolfdwh wkh revhuyhg lqfuhdvh lq oderu
lqfrph wd{ dqg d vxevwdqwldo sduw ri wkh gurs lq wkh uhwluhphqw djh uhfrughg ryhu
wkh odvw iw| |hduv1 Wklv wkhuhiruh vxjjhvwv wkdw wkh revhuyhg uhgxfwlrq ri oderu
sduwlflsdwlrq ri rog zrunhuv fdq eh frqvlghuhg/ dw ohdvw sduwldoo|/ dv dq rswlpdo
dgmxvwphqw ri lqglylgxdov frqiurqwhg zlwk lqfuhdvhg oderu lqfrph wd{dwlrq/ hyhq
lq devhqfh ri dq| hqodujhphqw ri wkh jhqhurvlw| ri shqvlrq vfkhph1 Zh qg
wkdw wkh vkdus lqfuhdvh lq jryhuqphqw h{shqglwxuhv qdqfhg e| oderu lqfrph
wd{dwlrq dqg wkh exloglqj xs ri d kljk ohyho ri sxeolf ghew pd| kdyh vljqlfdqwo|
frqwulexwhg wr wklv hyroxwlrq1 Wklv prgho ixuwkhu vxjjhvwv wkdw d srolf| dlphg
wrzdugv d uhgxfwlrq lq wkh sxeolf ghew dv zhoo dv d shqvlrq uhirup lpso|lqj d
orzhu wd{dwlrq rq rog zrunhuv zrxog frqvwlwxwh srolwlfdoo| ihdvleoh dowhuqdwlyhv
wr uhgxfh wkh qhjdwlyh lpsdfw rq djlqj e| jhqhudwlqj dq hqgrjhqrxv lqfuhdvh
ri wkh uhwluhphqw djh1
Wkh uhvw ri wklv sdshu lv rujdql}hg dv iroorzv1 Wkh vhfrqg vhfwlrq ghwdlov wkh
hfrqrplf prgho1 Lq vhfwlrq 6/ zh suhvhqw rxu fdoleudwlrq surfhgxuh1 Vlpxodwlrq
uhvxowv duh ghwdlohg lq vhfwlrq 7/ zkloh vhfwlrq 8 frqfoxghv1
5 D Frpsxwdeoh ROJ Prgho
Zh frqvlghu d forvhg hfrqrp| zlwk vl{ ryhuodsslqj jhqhudwlrqv ri dgxowv<1W l p h
lv glvfuhwh dqg jrhv iurp 3 wr lqqlw|1 Djhqwv duh krprjhqrxv zlwklq jhqhudwlrqv
dqg olyh iru vl{ shulrgv ri whq |hduv hdfk +l1h1 iurp djh 4; wr djh :;,1 Wkh vl}h
ri hdfk jhqhudwlrq w/ Qw/ +zklfk lqfoxghv doo djhqwv ehwzhhq 4; dqg 5: |hduv rog





H d f kd j h q wl ve r u qz l w kd ql q k h u l w h go h y h or ik x p d qf d s l w d od q gg h f l g h v
wkh vkduh ri wkh uvw shulrg kh zloo ghyrwh wr hgxfdwlrq1 Wklv zloo dhfw klv
olih0f|foh hduqlqjv suroh dqg zloo dovr surgxfh dq lqwhujhqhudwlrqdo h{whuqdolw|=
wkh kxpdq fdslwdo lqyhvwphqw ri |rxqj dw wlph w zloo eh sduwldoo| wudqvplwwhg
wr wkh qh{w jhqhudwlrq1 Wklv hqgrjhqrxv jurzwk vshflfdwlrq doorzv wr dffrxqw
iru wkh odujh lqfuhdvh lq hgxfdwlrq lqyhvwphqw iurp wkh vl{wlhv wr wkh qlqhwlhv/
zklfk dhfwv wkh hyroxwlrq ri sxeolf h{shqglwxuhv1 Lw dovr frqvwlwxwhv dq lp0
sruwdqw hohphqw wr frqvlghu lq d ghedwh frqfhuqlqj wkh shqvlrq v|vwhp1 Orqjhu
hgxfdwlrq shulrg/ e| ghod|lqj hqwu| lqwr wkh oderu pdunhw/ uhgxfhv wkh dyhu0
djh frqwulexwlrq shulrg dqg khqfh uhtxluhv dq lqfuhdvh lq wkh frqwulexwlrq udwh/
zklfk frxog kdyh lq xhqfhg wkh uhwluhphqw djh1
<Zkloh nhhslqj wkh prgho wudfwdeoh/ wklv qxpehu ri jhqhudwlrqv doorzv wr prgho wkh uhwluh0
phqw ghflvlrq lq dq dssursuldwh shulrg ri wlph +ehwzhhq 8; dqg 9; |hduv rog,1
7514 Wkh Krxvhkrog Ehkdylru
Wkh uhsuhvhqwdwlyh lqglylgxdo uhdfklqj djh 4; dw wlph w +ehorqjlqj wr jhqhudwlrq
w, kdv d xwlolw| ixqfwlrq wkdw ghshqgv rq wkh vhtxhqfh ri frqvxpswlrq ryhu klv






















zkhuh m uhihuv wr wkh m0 w ks h u l r gr io l i h / 5 +3>4, lv wkh sv|fkrorjlfdo glv0
frxqw idfwru/  5? . phdvxuhv wkh hodvwlflw| ri lqwhu0whpsrudo vxevwlwxwlrq/ 
5? . phdvxuhv wkh hodvwlflw| ri lqwud0whpsrudo vxevwlwxwlrq/ %m lv d suhihuhqfh
sdudphwhu iru ohlvxuh/ f
m
w.m￿4 lv wkh lqglylgxdo frqvxpswlrq ri jhqhudwlrq w dw
wkh m0wk shulrg ri olih/ k4
w lv wkh lqkhulwhg vwrfn ri kxpdq fdslwdo dw wlph w/d q g
+
m
w.m￿4, 5 +3>4, ghqrwhv wkh vkduh ri wkh mwk shulrg ri olih ghyrwhg wr ohlvxuh1
Wkh wlph hqgrzphqw ri hdfk shulrg ehlqj rqh/ k4
w uhsuhvhqwv wkh pd{lpxp
dprxqw ri wlph phdvxuhg lq h!flhqf| xqlwv wkdw lqglylgxdov ri jhqhudwlrq w fdq
vsolw ehwzhhq ohlvxuh dqg zrun1 Wkh irupxodwlrq lq +BB, wkhuhiruh lqvxuhv wkdw
wkh pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq frqvxpswlrq dqg ohlvxuh lq wkh lqgl0
ylgxdo xwlolw| ixqfwlrq lv lqyduldqw zlwk uhvshfw wr wkh whfkqrorjlfdo surjuhvv1 E|
wklv zd|/ wkh vwhdg|0vwdwh jurzwk ri surgxfwlylw| grhv qrw glvwruw wkh lqglylgxdo
olih0f|foh fkrlfh ri ohlvxuh1
Lq wkhlu uvw shulrg ri olih/ lqglylgxdov pd| ghyrwh d vkduh h ri wkhlu wlph
hqgrzphqw wr kxpdq fdslwdo dffxpxodwlrq1 Iroorzlqj wkh lghd ri Oxfdv +4<;;,/
hgxfdwlrq lpsuryhv wkh vnloov ri zrunhuv1 Zh ghqrwh e| *+hw, wkh surgxfwlrq
ixqfwlrq ri kxpdq fdslwdo zklfk wudqvirupv xqlwv ri wlph lqyhvwhg lq hgxfdwlrq
lqwr xqlwv ri h!flhqw oderu1 Dv wkhuh lv qr uhdo hylghqfh frqfhuqlqj wkh fkrlfh





zkhuh  5? . / # 5 +3>4, duh wzr sdudphwhuv1 Wkhlu ydoxhv zloo eh vhw lq rughu
wr uhsolfdwh djjuhjdwhv revhuyhg lq Ehojlxp1
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w
+6,
zlwk m +m @5 >===8, uhsuhvhqwlqj wkh uhodwlyh surgxfwlylw| ri djh m zlwk uhvshfw
wr wkh surgxfwlylw| ri djh rqh1 Wklv djh fkdqjlqj surgxfwlylw| ryhu olih0f|foh
uh hfwv ohduqlqj e| grlqj hhfwv dqg djh ghsuhfldwlrq1 Wkh sdudphwhuv m zloo
eh vhw vr dv wr pdwfk plfur hylghqfhv ri djh0zdjh uhodwlrqvkls1 9 lv vhw htxdo
wr 3/ dv lw lv iruelgghq wr zrun diwhu wkh ohjdo uhwluhphqw djh ri 98 |hduv rog lq
Ehojlxp1
Wkh lqwhu0whpsrudo exgjhw frqvwudlqw ri lqglylgxdov htxdol}hv wkh suhvhqw
ydoxh ri olih0f|foh lqfrph wr wkh suhvhqw ydoxh ri olih0f|foh h{shqglwxuhv1 Iru
8vlpsolflw|/ zh ghqrwh e| w.4
w wkh glvfrxqw idfwru wr dsso| wr shulrg w .4lq
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w
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zkhuh uw.4 ghqrwhv wkh lqwhuhvw udwh ehwzhhq gdwhv w dqg w .4dqg 3  n
w  4
lv wkh fdslwdo lqfrph wd{ dw wlph w1
Wkh lqwhuwhpsrudo exgjhw frqvwudlqw lv jlyhq e|=
Hw  
w +7,




























zkhuh 3  f
w  4 ghqrwhv wkh frqvxpswlrq wd{ dw wlph w/ 3  z
w  4 lv wkh
oderu lqfrph wd{ +lqfoxglqj doo vrfldo vhfxulw| fkdujhv, dw wlph w/ zw ghqrwhv
wkh jurvv zdjh udwh shu h!flhqf| xqlw ri oderu dw wlph w dqg W
m
w uhsuhvhqwv wkh
sxeolf wudqvihuv uhfhlyhg dw djh m dw wlph w dqg o
m
w ghqrwhv wkh oderu vxsso| lq
wkh m0wk shulrg ri olih dw wlph w1




























zkhuh 3  w  4 ghqrwhv wkh sxeolf vxevlg| wr lqglylgxdo hgxfdwlrq +h{suhvvhg
dv d vkduh ri wkh lqglylgxdo rssruwxqlw| frvw,/ sw uhsuhvhqwv wkh shqvlrq ehqhw
uhfhlyhg dw wlph w/ J
m
w lqfoxghv doo rwkhu sxeolf wudqvihuv ghyrwhg wr hdfk djhqw
dw djh m/ Jh4
w ghqrwhv wkh sxeolf wudqvihu wr fkloguhq ehwzhhq 3 dqg : |hduv rog
+dvvxphg wr eh udlvhg e| sduhqwv djhg ehwzhhq 4; dqg 5: |hduv rog,/ Jh5
w lv wkh
s x e o l fw u d q v i h u vw rd j h q w vd j h gi u r p;w r4 :| h d u vr o g+ d v v x p h gw re hu d l v h g
e| sduhqwv djhg ehwzhhq 5; dqg 6: |hduv rog, dqg pw lv wkh ihfxqglw| udwh dw
wlph w +zklfk lv forvho| uhodwhg wr wkh srsxodwlrq jurzwk udwh/ vhh dsshqgl{ F,1
Lqglylgxdov uhfhlyh d shqvlrq ehqhw iru wkh iudfwlrq ri wlph vshqw lq uhwluhphqw1
Wkh sxeolf shqvlrq vfkhph lv prghohg dv d SD\J Ehyhulgjhdq v|vwhp1 Hdfk
djhqw uhfhlyhv wkh vdph shqvlrq +dgmxvwhg iru surgxfwlylw| jurzwk,/ zklfk lv
qrw uhodwhg wr sdvw frqwulexwlrqv1 Wklv dvvxpswlrq lv mxvwlhg e| wkh orz olqndjh
ehwzhhq frqwulexwlrqv dqg ehqhwv lq wkh Ehojldq sxeolf shqvlrq vfkhph431
43Vhh dsshqgl{ E iru h{sodqdwlrqv dqg dovr Ghoolv hw do1+5334,1
9Lqglylgxdov ehorqjlqj wr jhqhudwlrq w pd{lpl}h wkh xwlolw| ixqfwlrq +BB, vxe0
mhfw wr wkh exgjhw frqvwudlqw +7,/ dqg wkh wlph frqvwudlqwv44/ jlyhq wkh vhtxhqfhv
ri kxpdq fdslwdo dqg sxeolf wudqvihuv1 Vhh dsshqgl{ G iru d frpsohwh fkdudf0
whul}dwlrq ri wkh lqglylgxdov* sureohp1
Wkh hgxfdwlrq lqyhvwphqw wkdw pd{lpl}hv wkh lqwhuwhpsrudo xwlolw| ri jhq0






















D vf d qe hv h h ql q+ ; , /w k hh g x f d w l r ql q y h v w p h q wl q f u h d v h vz l w kw k hs x e o l f
vxevlg| udwh1 Lw dovr ghshqgv srvlwlyho| rq wkh ixwxuh diwhu0wd{ zdjh suroh exw
ghfuhdvhv zlwk wkh fxuuhqw diwhu0wd{ zdjh zklfk uhsuhvhqwv dq rssruwxqlw| frvw1
Wklv rswlpdo dprxqw ri hgxfdwlrq ghqhv wkh pd{lpdo ohyho ri olihwlph lqfrph1
Lq rughu wr uhsolfdwh wkh hpslulfdo hylghqfh ri oderu vxsso| dqg uhwluhphqw
ghflvlrq45/ zh dvvxph wkdw wkh wdvwh iru ohlvxuh ydulhv zlwk djh dffruglqj wr wkh
iroorzlqj sdwwhuq=
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zlwk 4  8

















Gxulqj wkhlu odvw shulrg ri olih/ lqglylgxdov duh uhwluhg dqg ghyrwh doo wkhlu
wlph hqgrzphqw wr ohlvxuh1 Krzhyhu/ wkh| fdq iuhho| fkrrvh wr eh uhwluhg hduolhu
44Qdpho| oderu vxsso| pxvw eh qrq qhjdwlyh iru ￿ ’￿ ￿￿D dqg htxdo wr f lq shulrg 91
45Uxvw dqg Skhodq +4<<:, vxppdul}hv vhyhudo nh| idfwv ri oderu vxsso| dqg uhwluhphqw
ehkdylru1 Wkh furvv0vhfwlrqdo glvwulexwlrqv ri krxuv zrunhg vkrz wkdw prvw lqglylgxdov zrun
hlwkhu 3 ru 73 |hduv shu zhhn1 Lq dgglwlrq/ wkh pdmrulw| ri zrunhuv pdnh glvfrxqwlqxrxv
wudqvlwlrq iurp ixoo wlph zrun wr qrw zrunlqj1 Vxfk d glvfrxwlqxrxv uhwluhphqw ehkdylru
dovr rffxuv lq Ehojlxp1 Ghoolv hw do1 +5333, ￿qg lqghhg wkdw wkh wudqvlwlrq wr uhwluhphqw lv
devroxwho| qrw surjuhvvlyh dqg wkdw csduw wlph zrun sod|v d wrwdoo| pdujlqdo uroh lq wkh Ehojldq
uhwluhphqw odqgvfdsh* +vhh dsshqgl{ E,1 Qrwh dovr wkdw vxfk d c}hur0rqh* fkdudfwhul}dwlrq ri
oderu vxsso| kdv dovr ehhq xvhg e| Nlqjvwrq +5333, dqg slrqhhug e| Exuelgjh dqg Uree
+4<;3,/ Ilhogv dqg Plwfkhoo1 +4<;7,/ dqg Plwfkhoo dqg Ilhogv +4<;7, lq sduwldo htxloleulxp
prghov1
:e| zrunlqj rqo| d vkduh 48 ri wkhlu iwk shulrg +ehwzhhq djh 8; dqg djh 9;,/
zklfk uh hfwv/ dw ohdvw sduwldoo|/ wkh uhdolw| lq Ehojlxp +vhh dsshqgl{ E,1 Wkh
iudfwlrq ri wlph 48 wkhuhiruh ghwhuplqhv wkh rswlpdo uhwluhphqw djh ri wkh lq0
glylgxdov ri jhqhudwlrq w1 Wr ghwhuplqh wkh rswlpdo uhwluhphqw djh/ lqglylgxdov
htxdol}h wkh pdujlqdo glvxwlolw| ri zrunlqj zlwk wkh pdujlqdo xwlolw| ri frqvxp0
lqj wkh dgglwlrqdo uhyhqxh wkh| zloo jhw e| zrunlqj461 Wkh odujhu wkh diwhu0wd{
uhsodfhphqw udwh/ wkh orzhu lv wkh pdujlqdo jdlq rewdlqhg lq fdvh ri zrun dqg
wkh orzhu zloo eh wkh uhwluhphqw djh1 Wkh odujhu wkh lqwhuwhpsrudo hodvwlflw| ri
vxevwlwxwlrq/ wkh pruh uhwluhphqw djh ghflvlrq lv vhqvlwlyh wr d fkdqjh lq wkh
diwhu0wd{ uhsodfhphqw udwh1
Wkh lqglylgxdov* vwuhdp ri frqvxpswlrq h{shqglwxuhv ryhu wkh olihwlph lv



























































w.m￿5+4 . uw.m￿4+4  n














w.m￿4 ghqrwlqj wkh dvvhw ohyho ri lqglylgxdo ri djh m1 Vlqfh wkhuh lv qr
ehtxhvw prwlyh/ wkh ohyho ri dvvhw lq wkh odvw shulrg +v9,l vh t x d ow r3 1
515 Wkh Ilup Ehkdylru
Wkhuh h{lwv rqh uhsuhvhqwdwlyh up xvlqj sk|vlfdo fdslwdo +Nw,d q gk x p d qf d s 0
lwdo +Ow / oderu lq h!flhqf| xqlwv, wr surgxfh rqh sk|vlfdo jrrg +\w,w k d wf d q
46Wklv lv frqvlvwhqw zlwk wkh Plwfkhoo0Ilhogv uxoh= cWkh rswlpdo uhwluhphqw gdwh htxdwhv wkh
pdujlqdo xwlolw| iurp dq dgglwlrqdo |hdu ri zrun zlwk wkh pdujlqdo xwlolw| ri ohlvxuh* +4<;7/ s
;:,1
;eh frqvxphg ru vwruhg lq wkh irup ri fdslwdo1 Wklv jrrg lv wdnhq dv qxphudluh1





zlwk  phdvxulqj wkh vkduh ri fdslwdo lqfrph lq surgxfwlrq dqg D dq h{0
rjhqrxv vfdoh sdudphwhu1









Wkh frpshwlwlyh ehkdylru ri wkh up ohdgv wr wkh htxdol}dwlrq ri pdujlqdo
surgxfwlylwlhv wr pdujlqdo frvwv=
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zlwk  uhsuhvhqwlqj wkh fdslwdo ghsuhfldwlrq udwh1
516 Wkh Jryhuqphqw
Wkh jryhuqphqw kdv yh w|shv ri h{shqglwxuhv= hgxfdwlrq vxevlglhv/ shqvlrq
ehqhwv/ rwkhu wudqvihuv wr krxvhkrogv +Jw,/ rwkhu vshqglqj +JD
w ,47 dqg sxeolf
ghew +Gw,1 Lq rughu wr qdqfh wkhvh vshqglqj/ lw ohylhv oderu lqfrph/ fdsl0
wdo lqfrph dqg frqvxpswlrq wd{hv dqg lvvxhv erqgv1 Wkh jryhuqphqw exgjhw
frqvwudlqw lq shulrg w lv wkhuhiruh jlyhq e| =
z
w zwOw . f
wFw . n
wuw+Nw . Gw,.Gw.4





w .+ 4.uw,Gw +4<,
zlwk Gw uhsuhvhqwlqj wkh sxeolf ghew idoolqj gxh lq shulrg w/ Jw wkh djjuhjdwh
wudqvihuv wr krxvhkrog +rwkhu wkdq shqvlrq ehqhwv dqg kljkhu hgxfdwlrq vxe0


















47Zklfk pdlqo| lqfoxghv sxeolf frqvxpswlrq dqg vrph rwkhu wudqvihuv dqg rshudwlrqv lq
fdslwdo1
<zkhuh H4
w ghqrwhv wkh qxpehu ri fkloguhq djhg ehwzhhq 3 dqg : |hduv rog dqg
H5
w uhsuhvhqwv wkh qxpehu ri fkloguhq ehwzhhq ; dqg 4: |hduv rog dw wlph w1
Dv fdq eh vhhq lq +53,/ wkh vsolwwlqj ri sxeolf wudqvihuv shu djh doorzv wr wdnh
lqwr dffrxqw wkh lpsdfw ri d fkdqjh lq srsxodwlrq vwuxfwxuh rq wkh jryhuqphqw
vshqglqj1 Wr nhhs wkh udwlr ri sxeolf vshqglqj ryhu rxwsxw frqvwdqw lq wkh orqj
uxq lq wklv jurzlqj hfrqrp|/ zh dvvxph wkdw wkh udwlr ri djh vshflf sxeolf

















Lq rughu wr uhvshfw lwv exgjhw frqvwudlqw/ wkh jryhuqphqw fdq dgmxvw h{shqgl0
wxuhv/ wd{hv/ ru sxeolf ghew1 Lq rxu edvholqh prgho hfrqrp|/ oderu lqfrph wd{hv
duh shulrglfdoo| dgmxvwhg wr qdqfh wkh revhuyhg vwuhdp ri sxeolf h{shqglwxuhv
dqg wkh hyroxwlrq ri wkh sxeolf ghew0rxwsxw udwlr +gw @ Gw
\w ,1
517 Wkh G|qdplfv
Fdslwdo vwrfn lq w .4lv ghwhuplqhg e| wkh djjuhjdwlrq ri vdylqjv pdgh e|
wkh djhqwv lq shulrg w 1 Sxeolf ghew glyhuwv sduw ri wkh vdylqjv dqg pxvw eh






w  Gw.4 +56,
Kxpdq fdslwdo lqyhvwphqw surgxfhv dq lqwhujhqhudwlrqdo h{whuqdolw| zklfk
lv wkh vrxufh ri jurzwk1 Wkh kxpdq fdslwdo ohyho dftxluhg e| wkh dgxow ri
jhqhudwlrq w  4 lv wudqvplwwhg wr wkh qh{w jhqhudwlrq dqg fruuhvsrqgv wr wkh







518 Wkh Frpshwlwlyh Htxloleulxp











￿4, fruuhvsrqglqj uhvshfwlyho| wr wkh vwrfn ri kxpdq
dqg sk|vlfdo fdslwdo ri wkh yh rog jhqhudwlrqv/ zkloh wkh lqlwldo vwrfn ri sk|vlfdo







zlwk G3 wkh lqlwldo vwrfn ri sxeolf ghew1
Ghqlwlrq 4 D frpshwlwlyh/ shuihfw iruhvljkw/ lqwhuwhpsrudo htxloleulxp lv d
















+zw>u w,w￿3 vdwlvi|lqj htxdwlrqv +6,/ +7,/ +:,/ +;,/ +<,/ +43,/ +44,/ +45,/ +46,/
+47,/ +48,/ +49,/ +4:,/ +4;,/ +4<,/ +53,/ +54,/ +55,/ +56,/ +57,1
436 Fdoleudwlqj wkh Prgho
Lq fdoleudwhg ryhuodsslqj jhqhudwlrqv prghov/ zklfk duh wkhru|0edvhg/ wkh dj0
juhjdwh rxwfrphv duh wkh uhvxow ri wkh vxp ri lqglylgxdo udwlrqdo ghflvlrqv1 Wkh|
duh d xvhixo wrro wr dqdo|}h wkh hhfwv ri sdvw dqg ixwxuh srolf| vkliwv1 Vxfk dq
h{huflvh uhtxluhv wr fkrrvh ydoxhv iru sdudphwhuv dqg h{rjhqrxv yduldeohv vr dv
wr pdwfk d vhulhv ri hpslulfdo prphqwv frpsxwhg rq Ehojldq gdwd1 Dv wkhuh
duh pruh wdujhwv wkdq sdudphwhuv/ wklv fdoleudwlrq lv uhdol}hg lq dq ryhulghqwl0
fdwlrq vlwxdwlrq1 Iru sdudphwhuv iru zklfk d frqvhqvxv h{lwv/ zh fkrrvh lq wkh
udqjh ri hvwlpdwhv xvhg lq wkh olwhudwxuh wkh ydoxhv wkdw jhqhudwh uhdolvwlf ydoxhv
iru Ehojlxp1 Dv zh dlp dw uhsurgxflqj wkh hyroxwlrq iurp 4<93/ rxu uhihuhqfh
shulrg iru fdoleudwlrq lv 4<931 Sdudphwhuv dqg h{rjhqrxv ydoxhv duh vxppdul}hg
lq wdeoh 41
Wdeoh 4= Sdudphwhuv dqg h{rjhqrxv yduldeohv
Wrwdo idfwru surgxfwlylw| D ;=3 Uhodwlyh surgxfwlylw| sdudphwhu 5 4=6<:
Vkduh ri fdslwdo lqfrph = 5< Uhodwlyh surgxfwlylw| sdudphwhu 6 4=7:9
Vxemhfwlyh glvfrxqw idfwru = ;7 Uhodwlyh surgxfwlylw| sdudphwhu 7 4=6;8
Lqwhu0whpsrudo hodvwlflw| ri vxevwlwxwlrq  4=8 Uhodwlyh surgxfwlylw| sdudphwhu 8 4=458
Lqwud0whpsrudo hodvwlflw| ri vxevwlwxwlrq = ; Uhodwlyh sxeolf vshqglqj 30: Jh4
J4 4=955
Fdslwdo ghsuhfldwlrq = 7 Uhodwlyh sxeolf vshqglqj ;04: J
h5
J4 5=55;
suhihuhqfh iru ohlvxuh %= 38 Uhodwlyh sxeolf vshqglqj ;04: J4
J4 4
Hgxfdwlrq sdudphwhu = 59< Uhodwlyh sxeolf vshqglqj 5;06: J5
J4 =;8
Hgxfdwlrq sdudphwhu #= 476 Uhodwlyh sxeolf vshqglqj 6;07: J6
J4 =<34
Frqvxpswlrq wd{ f 4<( Uhodwlyh sxeolf vshqglqj 7;08: J7
J4 4=5;9
Fdslwdo lqfrph wd{ n 49( Uhodwlyh sxeolf vshqglqj 8;09: J8
J4 4=754
Ihfxqglw| udwh p 4=5: Uhodwlyh sxeolf vshqglqj 9;. J9
J4 =:7
Shqvlrq Ehqhw s 5=54 Sxeolf Wudqvihuv J ;(
Kljk Hgxfdwlrq Vxevlg| = 548 Rwkhu sxeolf vshqglqj JD 4;(
Sxeolf Ghew ryhu JGS g :3(
Wkh vkduh ri fdslwdo lqfrph lq qdwlrqdo uhyhqxh dprxqwv wr 5<(/z k l f k
fruuhvsrqgv wr wkh dyhudjh vkduh revhuyhg ryhu wkh odvw wzhqw| |hduv1 Wkh udwh
ri wlph suhihuhqfh fruuhvsrqgv wr dq dqqxdo udwh ri wlph suhihuhqfh ri 3=<;61W k l v
lv lq olqh zlwk wkh glvfrxqw udwh ri 3=348 xvhg e| Plohv +4<<<, dqg Dxhuedfk dqg
Nrwolnr +4<;:,1 Wklv lv dovr frqvlvwhqw zlwk wkh hpslulfdo hylghqfh ri Kxug
+4<;<, zkr vxjjhvwv d wlph glvfrxqw udwh vrphzkdw deryh 4(1 Wkh hodvwlflw|
ri vxevwlwxwlrq ehorqjv wr wkh xsshu sduw ri wkh udqjh xvhg lq wkh olwhudwxuh1
Vlqfh wkhuh lv qr ehtxhvw lq rxu prgho/ d kljk hodvwlflw| ri vxevwlwxwlrq dqg d
orz wlph suhihuhqfh duh qhfhvvdu| wr jhqhudwh uhdolvwlf ydoxhv iru wkh vdylqjv udwh
dqg wkh lqwhuhvw udwh1 Wkh lqwudwhpsrudo hodvwlflw| ri vxevwlwxwlrq lv lghqwlfdo
44wr wkh rqh xvhg e| Dxhuedfk dqg Nrwolnr +4<;:,/ wkrxjk zh dovr h{shulphqw
d orzhu ghjuhh ri vxevwlwxwdelolw| +vhh vhfwlrq 81717,1 Wkh suhihuhqfh iru ohlvxuh
lv vhw lq rughu wr jhqhudwh wkh uhwluhphqw djh revhuyhg lq 4<931W k h u d w h r i
ghsuhfldwlrq ri wkh fdslwdo vwrfn fruuhvsrqgv wr dq dqqxdo udwh ri 7(1W k l vl vl q
olqh zlwk wkh frpsxwdwlrqv ri gh Elrooh| dqg D1 Jlorw +4<;:, iru Ehojlxp ryhu
wkh odvw iw| |hduv1 Wkh djh0vshflf sduw ri wkh oderu surgxfwlylw| kdv ehhq
hvwlpdwhg xvlqj wkh txdgudwlf htxdwlrq ri Plohv +4<<<, zklfk lv edvhg rq plfur0
hylghqfhv148 Frqfhuqlqj wkh sdudphwhuv lq xhqflqj wkh hgxfdwlrq lqyhvwphqw
dqg kxpdq fdslwdo dffxpxodwlrq/ wkhuh lv qr uhdo frqvhqvxv lq wkh olwhudwxuh1 Zh
wkhuhiruh edvh rq Erx}dk}dk/ gh od Furl{ dqg Grftxlhu +5334,1 Wkh| xqghuwdnh
d vhqvlwlylw| dqdo|vlv iru wkh ydoxhv ri wkhvh sdudphwhuv dqg ghwhuplqh glhuhqw
vhwv ri sdudphwhuv ydoxhv jlylqj yhu| vlplodu vwhdg| vwdwhv1 Lq wklv vhw/ zh vhohfw
sdudphwhuv wkdw surgxfh hqgrjhqrxv ydoxhv iru wkh dqqxdo jurzwk udwh dqg iru
hgxfdwlrqdo dwwhqgdqfh forvhg wr wkh rqhv dfwxdoo| revhuyhg1 Wkh ydoxh ri wkh
shqvlrq ehqhwv kdv ehhq {hg lq rughu wr eh lq olqh zlwk wkh vkduh ri shqvlrq
ehqhwv lq JGS1 Wkh frpsxwdwlrqv ri Shvwlhdx dqg Vwlmqv +4<<<, vxjjhvw wkdw
zkloh wkh jurvv uhsodfhphqw udwh vwd|v uhodwlyho| frqvwdqw ryhu wlph +83( lq 4<:8
dqg 88>3:( lq 4<<8,/ wkh diwhu0wd{ uhsodfhphqw udwh kdv ulvhq vlqfh |hduv 4<:8
+zkhuh lw zdv htxdo wr :5(, wr uhdfk doprvw ;8( lq 4<<81 Zh wkhuhiruh dvvxph
wkdw shqvlrq ehqhwv uhpdlq dw wkhlu lqlwldo ohyho +dgmxvwhg wr wkh surgxfwlylw|
jurzwk,/ exw zh ohw wkh oderu lqfrph wd{ udwh dgmxvw/ lq xhqflqj hqgrjhqrxvo|
wkh diwhu0wd{ uhsodfhphqw udwh1 Frqvxpswlrq wd{ lv vhw wr 4<( dqg fdslwdo
lqfrph wd{ wr 49( dqg vwd| frqvwdqw ryhu wlph1 Wkh sxeolf wudqvihuv +zklfk
lqfoxgh idplo| doorzdqfh/ hgxfdwlrq h{shqglwxuhv iru fkloguhq ehorz 4; |hduv
rog/ khdowk fduh dqg xqhpsor|phqw ehqhwv, duh vsolw e| djh jurxsv xvlqj wkh
vwxg| rq jhqhudwlrqdo dffrxqwlqj ri Grftxlhu/ Olìjhrlv dqg Vwlmqv +4<<<,49 dqg
wkh djh suroh ri wkh sxeolf wudqvihuv lv dvvxphg wr eh frqvwdqw ryhu wlph1 Wkh
ihfxqglw| udwh lv fkrvhq vr dv wr uhsolfdwh wkh ghshqghqf| udwlr dqg wkh jurzwk
udwh ri srsxodwlrq +vhh dsshqgl{ F iru ghwdlov,1 Dv wkh jryhuqphqw odujho|
vxevlgl}hv wkh prqhwdu| frvw ri hgxfdwlrq udwkhu wkdq wkh rssruwxqlw| frvw ri
hgxfdwlrq/ wkhuh lv qr uhdo hylghqfh rq dq djjuhjdwh frqfhsw ri hgxfdwlrq vxevlg|
udwh1 Krzhyhu/ wkh sxeolf vxevlg| wr hgxfdwlrq pxvw eh vxfk wkdw lw jhqhudwhv
erwk dq hgxfdwlrq lqyhvwphqw dqg d vkduh ri hgxfdwlrq h{shqglwxuhv lq JGS
forvh wr wkh revhuyhg ydoxhv4:1 Lq rxu prgho/ lqglylgxdov fdq rqo| fkrrvh wkhlu
hgxfdwlrq lqyhvwphqw iurp wkh djh ri 4; |hduv rog1 Dq dssursuldwh uhihuhqfh
gdwd frqfhuqlqj wkh sxeolf hgxfdwlrq h{shqglwxuhv lv wkhuhiruh wkh udwlr ri sxeolf
h{shqglwxuhv iru kljkhu hgxfdwlrq ryhu JGS1 Zh dssur{lpdwh wklv udwlr e|
wkh h{shqglwxuhv ghyrwhg e| wkh Ehojldq Plqlvwu| iru Qdwlrqdo Hgxfdwlrq dqg
Fxowxuh wr kljkhu hgxfdwlrq lq shufhqwdjh ri JGS1 Zlwk wkh sdudphwhuv fkrvhq
iru kxpdq fdslwdo dffxpxodwlrq/ d vxevlg| ri =548 uhsurgxfhv wklv udwlr +htxdo
48Wkh txdgudwlf ixqfwlrq xvhg lv = w@}e ’f ￿fD W @}e 3 f￿fffS W @}e2
49Vhh wdeohv D1;1 dqg D1<1 iru ghwdlov ri wkh vsolwwlqj e| djh1
4:Gdwd frqfhuqlqj hgxfdwlrq wkdw frxog eh xvhg dv d uhihuhqfh lq d fdoleudwlrq h{huflfh
duh krzhyhu gl!fxow wr ￿qg iru vxfk d orqj shulrg1 Wkh gdwd zh xvh duh wkhuhiruh wkh ehvw
dssur{lpdwlrq zh frxog ￿qg1
45wr 3=5( lq 4<934;, wrjhwkhu zlwk uhdolvwlf ydoxhv iru lqwhuhvw udwh dqg jurzwk
udwh1 Sxeolf wudqvihuv/ rwkhu sxeolf h{shqglwxuhv dqg sxeolf ghew lq shufhqwdjh
ri JGS fruuhvsrqg wr wkhlu dfwxdo ydoxh lq 4<934<1
Wkh hfrqrp| lv dvvxphg wr eh rq wkh edodqfhg jurzwk sdwk lq 4<93531 Wdeoh
5 vkrzv wkh hqgrjhqrxv yduldeohv lq wkh lqlwldo vwhdg| vwdwh rewdlqhg zlwk wkh
sdudphwhuv dqg h{rjhqrxv ydoxhv ghwdlohg lq wdeoh 41
Wdeoh 5= Lqlwldo Vwhdg| Vwdwh
Hqgrjhqrxv yduldeohv Vlpxodwhg ydoxhv Wdujhw ydoxhv
Uhwluhphqw djh 96=69 6 =6
Iudfwlrq ri Wlph ghyrwhg wr hgxfdwlrq 9=<( 9=<(
Shqvlrq ehqhwv ryhu JGS 7( 7(
Hgxfdwlrq h{shqglwxuhv ryhu JGS 3=59( 3=5(
Dqqxdo jurzwk udwh 4=:( 4=:(
Dqqxdo lqwhuhvw udwh 7=;<( 7  8(
Oderu lqfrph wd{ 57=4( 57=4(
Uhsodfhphqw udwh 8:=9( 8:=9(
Sulydwh frqvxpswlrq 0 rxwsxw udwlr 94( 94(
Wkh fkdudfwhulvwlfv ri wkh edvholqh hfrqrp| dw wkh lqlwldo vwhdg| vwdwh forvho|
fruuhvsrqg wr wkh rqhv revhuyhg lq 4<931 Lq sduwlfxodu/ wkh uhwluhphqw djh dqg
hgxfdwlrqdo lqyhvwphqw h{dfwo| pdwfk wkh dfwxdo gdwd/ zkloh oderu lqfrph wd{/
uhsodfhphqw udwh dqg wkh vkduh ri sulydwh frqvxpswlrq lq rxwsxw uhdfk uhdolvwlf
ydoxhv541
Wklv vwhdg| vwdwh lv orfdoo| vwdeoh lq wkh vdggoh0srlqw vhqvh1 Wkh qxpehu
hljhqydoxhv odujhu wkdq rqh55 fruuhvsrqgv wr wkh qxpehu ri lqghshqghqw suhgh0
whuplqhg ohdg yduldeohv1 Wkhuh lv wkhuhiruh d xqltxh wudmhfwru| wkdw frqyhujhv
wr wkh vwhdg|0vwdwh1 Iljxuh 4 ghslfwv wkh hljhqydoxhv dw wkh vwhdg|0vwdwh +zlwk
wkh uhdo sduw ri wkh [0d{lv dqg wkh lpdjlqdu| sduw rq wkh \0d{lv,1
4;Gdwd vrxufh= Dqqxdluhv Vdwlvwltxhv gh od Ehojltxh +Wrphv ;5,1
4<Vrxufh Vdydjh +5333,
53Dv zh gr qrw kdyh wkh gdwd rq dvvhwv kroglqj shu djh lq 4<93/ zh dvvxph wkdw wkh hfrqrp|
lv dw vwhdg| vwdwh lq 4<931 Krzhyhu/ wkh uhvxowv duh qrw prgl￿hg li wkh lqlwdo fdslwdo vwrfn lv
43( ehorz ru deryh lwv vwhdg| vwdwh ydoxh1
54Wkh gdwd frqfhuqlqj wd{dwlrq zhuh frpsxwhg lq HF +5333, zlwk d vshfl￿f phwkrgrorj|
exw edfn wr 4<:3 rqo|1 Lw vkrxog krzhyhu eh vrphzkdw orzhu wkdq lq 4<:3 dqg suhvxpdeo|
forvh wr 58(1 Wkh frpsxwdwlrqv ri diwhu0wd{ uhsodfhphqw udwh lv qrw wulyldo dqg krprjhqrxv
gdwd zhuh qrw dydlodeoh ehiruh 4<:81 Krzhyhu/ wkh diwhu0wd{ uhsodfhphqw udwh lq 4<93 pxvw
eh orzhu wkdq lwv ydoxh lq 4<:8 +dv frpsxwhg e| Shvwlhdx dqg Vwlmqv +4<<<,, dqg suredeo|
durxqg 93(1
55Wkh hljhq ydoxhv zhuh frpsxwhg e| G|qduh dqg wkhuh duh < hljhqydoxhv odujhu wkdq 41
























Eigenvalues of the baseline Economy
7 Vlpxodwlrq Uhvxowv
Lq wklv vhfwlrq/ zh xvh wkh hfrqrplf hqylurqphqw ghvfulehg deryh lq rughu wr
lqyhvwljdwh zkhwkhu lw lv deoh wr uhsolfdwh wkh revhuyhg hyroxwlrq ri wkh hfrqrp|
ehwzhhq 4<93 dqg 53331 Zh sduwlfxoduo| irfxv rq wkh hyroxwlrq ri oderu lqfrph
wd{ udwh/ hgxfdwlrq lqyhvwphqw dqg uhwluhphqw ghflvlrq1 Zh wkhq dvvhvv wkh
srwhqwldo frqwulexwlrq ri sxeolf srolflhv lq dffrxqwlqj iru vxfk dq hyroxwlrq1 Lq
dgglwlrq/ wkh vlpxodwlrq wrro lv xvhg wr frpsxwh wkh srwhqwldo hhfwv ri ydulrxv
uhirupv/ lqfoxglqj wkh hhfw rq wkh ixwxuh uhwluhphqw sdwwhuq1
Zh surfhhg dv iroorzv1 Wkh hfrqrp| lv dvvxphg wr eh rq wkh edodqfhg
jurzwk sdwk lq 4<931 Zh wkhq lqwurgxfh vkrfnv rq wkh h{rjhqrxv yduldeohv lq
rughu wr uhsolfdwh wkh revhuyhg dqg surmhfwhg srolf| fkdqjhv ehwzhhq 4<93 dqg
53831 Lq rughu wr frpsxwh wkh h{shfwdwlrqv ri wkh djhqwv olylqj lq shulrg 5383/
zh qhhg wr dqwlflsdwh wkh srolf| yduldeohv xqwlo 54431 Zh wkhuhiruh dvvxph wkdw
diwhu 5383/ wkh h{rjhqrxv yduldeohv uhpdlq frqvwdqw dqg wkdw wkh qhz vwhdg|0
vwdwh lv uhdfkhg 43 shulrgv odwhu +qdpho| lq 5483,561 Wkh ydoxhv wdnhq e| wkhvh
srolf| yduldeohv duh vxppdul}hg lq wdeoh 61
56Wklv orqj wudqvlwlrq shulrg pdnhv wkh dssur{lpdwlrq huuru gxh wr wkh irufhg frqyhujhqfh
wr wkh ￿qdo vwhdg| vwdwh vpdoo1
47Wdeoh 6= H{rjhqrxv sxeolf srolf| yduldeohv
|hduv 4<93 4<:3 4<;3 4<<3 5333 5343 5353 5363 5373 5483
p 4=5: 4=39 3=;7 3=;; 3=<: 3=<5 3=;< 3=<4 3=<9 4=3
= 548 =65 =76 =87 =98 =98 =98 =98 =98 =98
J+(, ; <=44 5 =64 4 =:4 5 =44 5 =44 5 =44 5 =44 5 =44 5 =4
JD+(, 4; 55=45 9 =44 <4 < =84 < =84 < =84 < =84 < =84 < =8
g+(, :3 :3 97=64 5 6 =7 455 <3 93 93 93 93
Vrxufhv= Vdydjh +5333,/ Ihghudo Sodqqlqj Exuhdx +4<<:d/ e,/ LQV= Oderu Pdunhw vxuyh| dqg Srsxodwlrq Fhqvxv
+4<9304<<<,/ Dqqxdluhv Vwdwlvwltxhv gh od Ehojltxh +Wrphv :6/ ;5/ <4/ 434/ 446,1
Dsshqgl{ F ghwdlov wkh vxevhtxhqw hyroxwlrqv ri wkh srsxodwlrq jurzwk dqg
ghshqghqf| udwlr lpsolhg e| wkh ihfxqglw| udwh1 Wkh vxevlg| wr kljkhu hgxfdwlrq
lqfuhdvhv ehwzhhq 4<93 dqg 5333 lq olqh zlwk wkh vkduh ri kljkhu hgxfdwlrq
h{shqglwxuhv lq JGS dqg lv dvvxphg wr eh frqvwdqw diwhu 53331 Wkh hyroxwlrq
ri sxeolf wudqvihuv dqg rwkhu sxeolf h{shqglwxuhv lq shufhqwdjh ri JGS iroorz
wkhlu dfwxdo wuhqg1 Dv Gw uhsuhvhqwv wkh sxeolf ghew idoolqj gxh dw wlph w/ wkh
sxeolf ghew lv wkh dyhudjh vwrfn ri sxeolf ghew ri wkh odvw yh |hduv1 Frqfhuqlqj
wkh ixwxuh hyroxwlrq ri sxeolf ghew/ lq wkh edvholqh prgho hfrqrp| zh dvvxph
wkdw Ehojlxp vdwlvhv wkh Pddvwulfkw fulwhuld lq 5353 dqg wkdw sxeolf ghew 0
rxwsxw udwlr vwd|v frqvwdqw wkhuhdiwhu571 Zh dovr lqyhvwljdwh wkh hhfwv ri wkh
yhu| udslg dqg rswlplvwlf ghew uhgxfwlrq surmhfwhg e| wkh Ihghudo Sodqqlqj
Exuhdx dv zhoo dv wkh lpsdfw ri pdlqwdlqlqj sxeolf ghew 0 rxwsxw udwlr dw lwv
wkh fxuuhqw ohyho +vhh vhfwlrq 71716,1
Zh vlpxodwh wkh wudqvlwru| dqg orqj0uxq hhfwv ri wkhvh fkdqjhv rq wkh hq0
grjhqrxv yduldeohv ri wkh prgho/ zlwk d vshfldo irfxv rq wkh oderu wd{ udwh
dqg uhwluhphqw djh hyroxwlrq1 Wklv ghwhuplqhv wkh edvholqh prgho hfrqrp| ru
cuhihuhqfh vfhqdulr* dv lw dfwv dv d uhihuhqfh zlwk uhvshfw wr wkh rwkhu h{shul0
phqwv1 Wkh uvw vhfwlrq ghwdlov wkh nh| ihdwxuhv ri wklv vfhqdulr1 Frpsdulqj
wkh g|qdplfv zlwk dqg zlwkrxw wkhvh h{rjhqrxv vkrfnv doorzv xv wr ghwhuplqh
wkh hhfwv ri hdfk srolf| yduldeoh rq doo hqgrjhqrxv yduldeohv ri wkh prgho1 Lq
sduwlfxodu/ zh fdq dvvhvv wkh srwhqwldo frqwulexwlrq ri hdfk jryhuqphqw srolf| wr
wkh revhuyhg gurs ri uhwluhphqw djh1 Wklv lv wkh sxusrvh ri wkh vhfrqg vhfwlrq1
Ilqdoo|/ wkh frpsdulvrq ri wkh uhihuhqfh vfhqdulr zlwk wkh vlpxodwhg hyroxwlrq
xqghu glhuhqw srolf| uhirupv iru wkh shulrgv 533305483 doorzv xv wr pdnh vrph
frqmhfwxuh iru wkh ixwxuh1
714 Ilqglqjv= wkh Edvholqh Prgho Hfrqrp|
Lq wklv vhfwlrq/ zh ghvfuleh wkh pdlq ihdwxuhv ri wkh edvholqh prgho hfrqrp|1
Wkh txhvwlrq lv= cLv vxfk d prgho deoh wr uhsurgxfh wkh sdwwhuq revhuyhg lq wkh
57Wklv fruuhvsrqgv wr wkh qxpehuv wkdw vhhp wr eh dgplwwhg lq prvw glvfxvvlrqv frqfhuqlqj
wkh ixo￿oophqw ri Pddvwulfkw fulwhuld/ vhh Ol￿jhrlv dqg Jlqvexujk +5333,1
48gdwd ehwzhhq 4<93 dqg 5333 iru wkh hqgrjhqrxv yduldeohv ri wkh prgho/ dqg lq
sduwlfxodu iru wkh uhwluhphqw djhB*1
Dv fdq eh vhhq lq jxuhv ri dsshqgl{ H dqg lq wdeoh 7/ wkh prgho jhqhu0
dwhv d vkdus uhgxfwlrq ri wkh rswlpdo uhwluhphqw djh ehwzhhq 4<93 dqg 5333
lq dffrugdqfh zlwk wkh sdwwhuq revhuyhg lq wkh gdwd1 Lw jrhv iurp 96=6 |hduv
lq 4<93 wr 8;=5 |hduv lq 53331 Wklv fruuhvsrqgv wr d uhgxfwlrq ri ;=4( ri wkh
uhwluhphqw djh/ zkloh wkh uhgxfwlrq revhuyhg lq wkh gdwd ehwzhhq 4<93 dqg 4<<8
lv durxqg <(1 Wkh prgho uhsolfdwhv wkhuhiruh uhodwlyho| zhoo wkh ydoxh dv zhoo
dv wkh sdwwhuq ri wkh uhwluhphqw djh1 Wklv uhgxfwlrq lv fdxvhg e| wkh lqfuhdvlqj
oderu lqfrph wd{/ zklfk lq wxuq udlvhv wkh hhfwlyh uhsodfhphqw udwh hyhq li wkh
shqvlrq ehqhwv uhpdlq frqvwdqw1 Wkh diwhu0wd{ uhsodfhphqw udwh lqfuhdvhv lq0
ghhg gudpdwlfdoo|/ lq olqh zlwk lwv dfwxdo hyroxwlrq ryhu wklv shulrg +vhh Shvwlhdx
dqg Vwlmqv +4<<<,,1 Wkh hqgrjhqrxv hyroxwlrq ri wkh oderu lqfrph wd{ forvho|
iroorzv wkh revhuyhg jurzwk dqg suhglfwv iru 5333 d ydoxh yhu| vlplodu wr wkh
dfwxdo rqh +vhh wdeoh 7,1 Qrwh wkdw oderu lqfrph wd{ vwurqjo| ulvhv ehwzhhq 4<<3
dqg 5333 zkloh wkh sxeolf h{shqglwxuhv vwd| uhodwlyho| frqvwdqw1 Wkh ixwxuh uh0
gxfwlrq ri wkh sxeolf ghew lqghhg dxjphqwv whpsrudulo| wkh h{shqglwxuhv wr eh
qdqfhg e| oderu lqfrph wd{dwlrq1 Wklv skhqrphqrq lv hyhq h{dfhuedwhg e| wkh
uhgxfwlrq ri oderu sduwlflsdwlrq zklfk lqfuhdvhv wkh shqvlrq h{shqglwxuhv wr eh
qdqfhg rq d vkulqnlqj zrunlqj srsxodwlrq1 Wkh vkduh ri shqvlrq h{shqglwxuhv
lq rxwsxw ulvhv iurp 7( lq 4<93 wr :( lq 5333 +zklfk uhsuhvhqwv doprvw 93(
ri wkh revhuyhg lqfuhdvh/ wkh dfwxdo vkduh ri shqvlrq h{shqglwxuhv lq rxwsxw lq
5333 ehlqj <=5(, dqg wklv zlwkrxw dq| lqfuhdvh lq wkh ohyho ri shqvlrq ehqhwv1
Wkh hyroxwlrq ri kljkhu hgxfdwlrq lqyhvwphqw dovr forvho| iroorzv wkh re0
vhuyhg sdwwhuq +vhh wdeoh D143,1 Lw ghshqgv rq wkh hgxfdwlrq vxevlg| exw dovr
rq wkh h{shfwhg diwhu0wd{ zdjh suroh ryhu wkh olihf|foh/ khqfh rq oderu lqfrph
wd{dwlrq1 Wklv h{sodlqv zk| hgxfdwlrq lqyhvwphqw vwd|v yluwxdoo| xqfkdqjhg eh0
wzhhq 4<93 dqg 4<:3/ dowkrxjk wkh hgxfdwlrq vxevlg| lqfuhdvhv1 Wkh h{shfwhg
qhw zdjh suroh lv ghfuhdvlqj dqg dxjphqwv wkh uhodwlyh rssruwxqlw| frvw ri
hgxfdwlrq1 Iurp 4<;3 rqzdugv/ wkh lqfuhdvh lq hgxfdwlrq vxevlg| udwh dqg wkh
h{shfwhg voljkwo| lqfuhdvlqj qhw zdjh suroh ohdg wr dq lqfuhdvh lq hgxfdwlrq lq0
yhvwphqw wr d ohyho htxdo wr wkh dfwxdo dwwhqgdqfh udwlr1 Wkh sdwk ri hgxfdwlrq
lqyhvwphqw +zlwk rqh odj, frpelqhg zlwk wkh hyroxwlrq ri wkh rxwsxw ghwhuplqhv
wkh jurzwk udwh sdwwhuq1 Wkh srsxodwlrq jurzwk gulyhv wkh hyroxwlrq ri oderu
vxsso| wrjhwkhu zlwk wkh hyroxwlrq ri uhwluhphqw djh1 Wkh uhgxfwlrq ri uhwluh0
phqw djh ohdgv wr d ghfuhdvh ri oderu vxsso| lq wkh vl{wlhv dqg vhyhqwlhv/ zkloh
wkh oderu vxsso| ri jhqhudwlrqv iurp wkh ede| errp pruh wkdq frpshqvdwhv
wklv hhfw lq wkh hljkwlhv dqg qlqhwlhv1 Wkh ede| errp dovr h{sodlqv wkh jurzwk
ri fdslwdo vwrfn lq wkh hljkwlhv dqg qlqhwlhv dqg lv wkhuhiruh sduwldoo| uhvsrqvleoh
iru wkh odujh rxwsxw jurzwk udwh lq 4<<3 dqg 53331
Wklv prgho lv deoh wr uhsolfdwh idluo| zhoo wkh revhuyhg sdwwhuq ri hqgrjhqrxv
yduldeohv/ hvshfldoo| oderu lqfrph wd{/ hgxfdwlrq lqyhvwphqw dqg oderu pdunhw
sduwlflsdwlrq ri wkh rog1 Lw pd| wkhuhiruh rhu dqrwkhu srwhqwldo h{sodqdwlrq
iru wkh uhgxfwlrq lq oderu irufh sduwlflsdwlrq ri roghu zrunhuv wkdq wkh lqfuhdvh
lq wkh ohyho ri shqvlrq ehqhwv wudglwlrqdoo| sxw iruzdug1 Dffruglqj wklv prgho/
wkh revhuyhg sdwwhuq ri uhwluhphqw djh frxog eh frqvlghuhg/ dw ohdvw sduwldoo|/
49dv dq rswlpdo dgmxvwphqw ri wkh zrunhuv wr h{sdqvlrqdu| vfdo srolflhv/ hyhq
zlwkrxw dq| fkdqjh lq wkh shqvlrq vfkhph1 Wklv dqdo|vlv pd| ixuwkhu lpso|
wkdw zhuh shqvlrq ohjlvodwlrq fkdqjhg wr doorz shrsoh wr uhwluh dw d iuhh djh +d
srolf| dfwxdoo| vxjjhvwhg e| vrph Iuhqfk srolwlfldqv,/ wkh uhwluhphqw djh zrxog
frqwlqxh wr eh dv orz dv fxuuhqwo|/ li qr frqfrplwdqw fkdqjh lq wkh shqvlrq
irupxod lv lqwurgxfhg1




Shqvlrq ehqhwv 2 JGS :(
Hgxfdwlrq vxevlglhv 2 JGS 4=;6(
Dqqxdo jurzwk udwh 6(
Dqqxdo lqwhuhvw udwh 7=:5(
Oderu lqfrph wd{ 78=:(
Uhsodfhphqw udwh 97=<(
715 Wkh Sdvw= Wkh lpsdfw ri Sxeolf Ilqdqfhv
71514 Wkh Frqwulexwlrq ri wkh Lqfuhdvh lq Sxeolf H{shqglwxuhv
Wr dvvhvv wkh srwhqwldo hhfwv ri wkh sdwk ri sxeolf h{shqglwxuhv rq wkh hq0
grjhqrxv yduldeohv/ dqg lq sduwlfxodu rq wkh hyroxwlrq ri oderu lqfrph wd{ dqg
uhwluhphqw djh lq Ehojlxp/ zh frpsduh wkh g|qdplfv ri wkh edvholqh prgho zlwk
d vfhqdulr zkhuh wkh vkduh ri wrwdo sxeolf h{shqglwxuhv lq JGS vwd|v frqvwdqw
r y h uw l p hd ww k ho h y h or i4 < 9 3 581 Qrwlfh wkdw zkloh zh lpsohphqw wklv fkdqjh
zh nhhs doo wkh uhpdlqlqj yduldeohv dqg sdudphwhuv lghqwlfdo wr wkh rqhv fdol0
eudwhg lq wkh edvholqh prgho hfrqrp|1 Lq wklv fdvh/ wkh hyroxwlrq ri wkh oderu
wd{ lv hvvhqwldoo| gulyhq e| wkh sdwwhuq ri sxeolf ghew +vhh jxuhv lq dsshqgl{
I,1 Frqvhtxhqwo|/ lqlwldoo| orzhu oderu lqfrph wd{dwlrq lv uhtxluhg wr qdqfh
orzhu jryhuqphqw h{shqglwxuhv/ hvshfldoo| lq wkh hljkwlhv1 Wkh lqfuhdvhg sxeolf
ghew udwlr lq wklv shulrg rhuv dq dgglwlrqdo vrxufh ri qdqflqj/ zkloh uhsruwlqj
h{shqglwxuhv rq wkh ixwxuh1 Rq wkh rwkhu kdqg/ wkh ulvlqj sxeolf ghew udwlr
vwloo uhtxluhv dq lqfuhdvh lq oderu lqfrph wd{ diwhu 4<;3/ zklfk lq wxuq lqgxfhv
d uhgxfwlrq ri uhwluhphqw djh1 Diwhu 4<;3/ oderu lqfrph wd{ iroorzv d vlplodu
sdwk wkdq lq wkh edvholqh hfrqrp| exw dw d orzhu ohyho1 Khqfh/ oderu vxsso|
dqg rxwsxw kdyh vlplodu sdwkv wkdq lq wkh edvholqh fdvh exw dw d kljkhu ohyho1
Zlwk d orzhu lqfrph wd{/ wkh qhw jdlq ri hgxfdwlrq lv kljkhu1 Wkh sdwwhuq ri
hgxfdwlrq lqyhvwphqw lv vlplodu wr lwv hyroxwlrq lq wkh edvholqh prgho xs wr 4<<3/
58Zlwk wkh qrwdwlrq xvhg deryh/ wkh wrwdo sxeolf h{shqglwxuhv fruuhvsrqg wr +C n C￿,/
zkhuh wkh pdlq frpsrvdqwv gulylqj wkh hyroxwlrq ri wkh vxp duh wkh wudqvihuv wr krxvhkrogv
+C, dqg wkh sxeolf frqvxpswlrq1
4:exw voljkwo| kljkhu iurp 53331 Dv fdq eh vhhq lq jxuh 5/ wkh uhwluhphqw djh
ghfuhdvhv lq d pxfk orzhu h{whqw dqg hyhq voljkwo| lqfuhdvhv lq wkh vhyhqwlhv1
Wkh prgho suhglfwv lq wklv h{shulphqw d uhwluhphqw djh ri 94=9 |hduv rog lq 5333/
zklfk fruuhvsrqgv wr d ghfuhdvh ri 5=:( iurp 4<93 +vhh wdeoh 8,1
Zh fdq wkhuhiruh frqfoxgh wkdw wkh sdwk ri sxeolf h{shqglwxuhv +hvvhqwldoo|
gulyhq e| jryhuqphqw frqvxpswlrq dqg wudqvihuv rwkhuv wkdq shqvlrq dqg hgx0
fdwlrq vxevlglhv, pd| kdyh sduwldoo| frqwulexwhg wr wkh gurs lq uhwluhphqw djh/
e| lqgxflqj d kljkhu oderu lqfrph wd{ dqg khqfh uhgxflqj wkh lqfhqwlyhv wr
zrun1
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Iljxuh 5= Frqwulexwlrq ri sxeolf srolflhv wr wkh ghfuhdvh lq uhwluhphqw djh
71515 Wkh Frqwulexwlrq ri wkh Sxeolf Ghew Ilqdqflqj
Zh lqyhvwljdwh qh{w wr zkdw h{whqw wkh hyroxwlrq ri wkh hqgrjhqrxv yduldeohv lv
uhodwhg wr wkh qdqflqj phwkrg ri sxeolf h{shqglwxuhv1 Exloglqj xs sxeolf ghew
doorzv wkh jryhuqphqw wr sd| iru lqfuhdvhg sxeolf h{shqglwxuhv lq wkh vkruw uxq
zkloh uhsruwlqj wkh frvw rq wkh ixwxuh1 Khqfh/ vxfk d qdqflqj phwkrg dovr
frqwulexwhv wr lqfuhdvh ixwxuh h{shqvhv1 Dgrswlqj wkh vdph phwkrgrorj|/ wkh
jxuhv lq dsshqgl{ I dovr frpsduh wkh hyroxwlrq ri wkh hqgrjhqrxv yduldeohv
lq wkh uhihuhqfh vfhqdulr zlwk wkhlu hyroxwlrq li wkh sxeolf ghew 0 rxwsxw udwlr
zdv uhpdlqhg frqvwdqw dw lwv lqlwldo ohyho/ zkloh rwkhu h{rjhqrxv yduldeohv dqg
sdudphwhuv uhpdlq lghqwlfdo wkdq lq wkh edvholqh prgho hfrqrp|1
Zhuh wkh sxeolf ghew pdlqwdlqhg frqvwdqw dw lwv lqlwldo ohyho +:3( ri JGS,/
wkh uhwluhphqw djh lq 5333/ dv suhglfwhg e| wkh prgho/ zrxog kdyh ehhq pxfk
kljkhu wkdq lq wkh uhihuhqfh vfhqdulr dqg khqfh wkdq lwv dfwxdo fxuuhqw ydoxh1
Lw zrxog rqo| eh uhgxfhg iurp 5=:( frpsduhg wr lwv lqlwldo ydoxh +vhh wdeoh 8,/
4;lpso|lqj d kljkhu ohyho ri oderu vxsso| dqg rxwsxw1 Zkloh oderu lqfrph wd{
zrxog kdyh ehhq orzhu iurp 4<<3 rqzdugv +dv wd{dwlrq grhv qrw kdyh wr qdqfh
wkh lqwhuhvwv rq sxeolf ghew qru lwv uhgxfwlrq,/ zh zrxog vwloo kdyh revhuyhg
d ulvh gxulqj wkh hljkwlhv wr qdqfh wkh h{sdqvlrq ri jryhuqphqw h{shqglwxuhv1
Wklv h{sodlqv wkh ulvh lq hgxfdwlrq lqyhvwphqw lq wkh hljkwlhv +dv wkh rssruwxqlw|
frvw lv orzhu lq wklv shulrg,/ dv zhoo dv wkh gurs lq uhwluhphqw djh/ oderu vxsso|
dqg rxwsxw lq wklv shulrg1 Wkh hgxfdwlrq ohyho lv voljkwo| orzhu iurp 4<<3 wr
5353 wkdq lq wkh edvholqh dv wkh oderu lqfrph wd{ sdwwhuq lv lqfuhdvlqj1
Wklv dqdo|vlv wkhuhiruh vxjjhvwv wkdw sxeolf h{shqglwxuhv hyroxwlrq dqg sxe0
olf ghew qdqflqj duh wzr hohphqwv wkdw pd| kdyh frqwulexwhg wr wkh lqfuhdvh lq
oderu lqfrph wd{ dqg khqfh wr wkh ghfolqh lq wkh uhwluhphqw djh ri rog zrunhuv1
Dv fdq eh vhhq lq jxuh 5/ zlwk frqvwdqw sxeolf ghew +dw :3(, dqg frqvwdqw
vkduh ri sxeolf h{shqglwxuhv lq rxwsxw/ uhwluhphqw djh zrxog kdyh uhpdlqhg
hvvhqwldoo| xqfkdqjhg dqg zrxog kdyh ehhq htxdo wr 96=4 |hduv rog lq 53331
Wdeoh 8= Hfrqrp| lq 5333 zlwk frqvwdqw vfdo srolflhv
Hqgrjhqrxv Fvw vshqglqj Fvw ghew Fvw ghew ) vshqglqj
Uhwluhphqw djh 94=99 4 =99 6 =4
Hgxfdwlrq Lqyhvwphqw 4<=;( 4:=;( 4;=8(
Shqvlrq ehqhwv 2 JGS 8=8( 8=9( 7=;(
Hgxfdwlrq vxevlglhv2 JGS 4=;( 4=9( 4=9(
Dqqxdo jurzwk udwh 6( 6=7( 6=5(
Dqqxdo lqwhuhvw udwh 7=97( 7=<( 7=9:(
Oderu lqfrph wd{ 68=6( 69=6( 5:(
Uhsodfhphqw udwh 8;( 9:=4( 8<=9(
71516 Frqwulexwlrq ri Hgxfdwlrq Lqyhvwphqw= H{rjhqrxv yhuvxv Hq0
grjhqrxv Jurzwk
Dq lpsruwdqw ghprjudsklf skhqrphqrq revhuyhg gxulqj wkh odvw iw| |hduv lv
wkh ohqjwkhqlqj ri wkh hgxfdwlrq shulrg1 Wklv lv uh hfwhg lq wkh lqfuhdvh lq
sxeolf hgxfdwlrq h{shqglwxuhv ryhu wkhvh |hduv1 Vxfk dq hyroxwlrq kdv lpsru0
wdqw frqvhtxhqfhv iru d sd|0dv0|rx0jr shqvlrq v|vwhp/ dv lw uhgxfhv wkh dyhudjh
frqwulexwlrq shulrg dqg uhtxluhv dq lqfuhdvh lq wkh frqwulexwlrq udwh1 Zkloh
wklv hohphqw frxog eh sxw iruzdug wr mxvwli| d srvwsrqhphqw ri wkh ohjdo uh0
wluhphqw djh/ lw frxog dovr kdyh lq xhqfhg wkh rswlpdo uhwluhphqw djh wkurxjk
lwv hhfw rq wkh oderu lqfrph wd{1 Lq dgglwlrq wr lwv lpsdfw rq wkh wd{dwlrq
edvlv/ kljkhu hgxfdwlrq lqyhvwphqw udlvhv wkh sxeolf h{shqglwxuhv/ zklfk dovr
ohdgv wr dq lqfuhdvh lq oderu lqfrph wd{1 Wr vwxg| wkh srwhqwldo lpsdfw ri vxfk
d skhqrphqrq/ zh uxq d vlpxodwlrq zkhuh hgxfdwlrq lqyhvwphqw lv nhsw frq0
vwdqw dw lwv lqlwldo ohyho ri 9=<(59/ zkloh doo rwkhu h{rjhqrxv yduldeohv uhpdlq
lghqwlfdo wr wkhlu ydoxhv lq wkh edvholqh prgho1 Dv fdq eh vhhq lq wkh jxuhv ri
dsshqgl{ J/ odujhu oderu vxsso| dqg orzhu hgxfdwlrq wudqvihuv doorz wr uhgxfh
59Jurzwk lv khqfh h{rjhqrxv
4<oderu lqfrph wd{ dqg khqfh lqfuhdvh wkh lqfhqwlyhv wr jr rq zrunlqj/ zklfk lq
wxuq frqwulexwhv wr ixuwkhu lqfuhdvh oderu vxsso|1 Uhwluhphqw djh zrxog kdyh
ghfuhdvhg wr 8<=4 |hduv rog rqo| lq 5333 lq wklv fdvh +vhh wdeoh 9,1 Dffruglqj wr
wklv prgho/ wklv hohphqw zrxog dffrxqw iru 4;( ri wkh ghfuhdvh lq wkh uhwluhphqw
djh +4=7 shufhqwdjh srlqw,1




Shqvlrq ehqhwv 2 JGS 9=7(
Hgxfdwlrq vxevlglhv2 JGS 3=9(
Dqqxdo jurzwk udwh 6=48(
Dqqxdo lqwhuhvw udwh 7=;4(
Oderu lqfrph wd{ 77=4(
Uhsodfhphqw udwh 96=:(
716 Dqg wkh IxwxuhB
Lq wklv vhfwlrq/ zh xvh wkh prgho wr dvvhvv wkh srwhqwldo lpsdfwv ri vrph uh0
irupv dfwxdoo| frqvlghuhg e| Hxurshdq jryhuqphqwv/ lqfoxglqj wkh hhfw rq wkh
uhwluhphqw djh1
71614 Uhgxfwlrq ri wkh Sxeolf Ghew
Pddvwulfkw fulwhuld uhtxluh wkh Hxurshdq jryhuqphqwv wr uhgxfh sxeolf ghew0
rxwsxw udwlr wr 93(1 D uhgxfwlrq ri sxeolf ghew lv wkxv h{shfwhg lq Ehojlxp/
exw suhglfwlrqv derxw wkh h{whqw dqg wkh vshhg ri vxfk d uhgxfwlrq ydu| dprqj
hfrqrplvwv1 Dv sxeolf ghew sdwwhuq pd| kdyh lq xhqfhg wkh sdvw hyroxwlrq ri
uhwluhphqw djh/ lw lv lqwhuhvwlqj wr lqyhvwljdwh wkh hhfwv ydulrxv sxeolf uhgxfwlrq
vfhqdulrv frxog surgxfh lq wkh ixwxuh/ hvshfldoo| iru wkh uhwluhphqw djh sdwwhuq1
E| frpsdulqj wkh edvholqh prgho hfrqrp|5: wr d vfhqdulr zkhuh sxeolf ghew
0 rxwsxw udwlr uhpdlqv dw lwv ohyho lq 5333 +443(, dqg wr dqrwkhu rqh zkhuh
sxeolf ghew vkduso| ghfuhdvhv wr wkh ohyho ri 48( ri JGS lq 5383/ dv suhglfwhg
e| wkh Ihghudo Sodqqlqj Exuhdx5;/ zh fdq frpsxwh wkh hhfw ri vxfk uhgxfwlrqv
lq sxeolf ghew rq doo hqgrjhqrxv yduldeohv ri wkh prgho1
Dv fdq eh vhhq lq jxuhv K14/ d sxeolf ghew uhgxfwlrq jhqhudwhv d vxevwdq0
wldoo| orzhu wd{dwlrq ohyho/ khqfh uhsodfhphqw udwh lq wkh orqj uxq1 Lw krzhyhu
uhtxluhv dq lqlwldo lqfuhdvh ri wkh wd{dwlrq +wkh odujhu wkh vkdushu lv wkh sodqqhg
uhgxfwlrq lq sxeolf ghew, e| whpsrudu| dxjphqwlqj wkh vkduh ri h{shqglwxuhv wr
eh qdqfhg e| oderu lqfrph wd{dwlrq1 Hgxfdwlrq lqyhvwphqw lqlwldoo| lqfuhdvhv
5:Uhphpehu wkdw vxfk d vfhqdulr lpsolhv d uhgxfwlrq ri wkh sxeolf ghew udwlr wr d ydoxh ri
93( iurp 5353 rqzdugv1
5;Wkh vwuhdp ri sxeolf ghew0rxwsxw udwlr uhgxfwlrq dvvxphg lq wklv fdvh lv bfI lq 5343/
DSI lq 5353/ ￿fI lq 5363/ 2fI lq 5373/ ￿DI lq 5383/ vhh Ihghudo Sodqqlqj Sdshu +4<<:e,1
53ehfdxvh ri wkh lqfuhdvlqj zdjh suroh dqg vwd|v kljkhu lq wkh orqj uxq dv orzhu
oderu lqfrph wd{dwlrq udwh lqfuhdvhv wkh jdlq ri kljkhu hgxfdwlrq1
Frqfhuqlqj wkh uhwluhphqw djh/ wzr ohvvrqv fdq eh gudzq iurp vxfk dq h{0
huflvh1 Rq rqh kdqg/ d srolf| dlphg dw uhgxflqj sxeolf ghew hqgrjhqrxvo| lq0
fuhdvhv wkh uhwluhphqw djh/ zlwkrxw uhtxlulqj dq| fkdqjh lq wkh ohjdo uhwluhphqw
djh/ zklfk pljkw eh srolwlfdoo| gl!fxow1 Wkh uhwluhphqw djh lqfuhdvhv wr 94=5
lq 5483 li sxeolf ghew lv uhgxfhg wr 93( dqg wr 95=5 li sxeolf ghew uhdfkhv 48(
ri JGS +vhh wdeoh :,1 Wklv srolf|/ wkurxjk wkh qxphurxv srvlwlyh hhfwv wkdw
lw surgxfhv +kljkhu oderu vxsso|/ kljkhu kxpdq fdslwdo/ kljkhu rxwsxw/ kljkhu
jurzwk dqg kljkhu sxeolf wudqvihuv shu khdg/ vhh dsshqgl{ K, pd| wkhuhiruh frq0
vwlwxwh d srolwlfdoo| ihdvleoh dowhuqdwlyh wr sduwldoo| uhgxfh wkh qhjdwlyh lpsdfw
ri djlqj lq wkh RHFG frxqwulhv1 Lqghhg/ dffruglqj wr RHFG +4<<;,/ vkrxog
wkh dyhudjh uhwluhphqw djh ulvh wr :3 prvw ri wkh dgyhuvh frqvhtxhqfhv rq olylqj
vwdqgdugv frxog eh dyrlghg1 Rq wkh rwkhu kdqg/ zkloh sxeolf ghew uhgxfwlrq
zrxog eh yhu| ehqhfldo lq wkh orqj whup/ wkh dqdo|vlv xqghuolqhv wkh srwhqwldo
qhjdwlyh hhfw wklv srolf| frxog lqlwldoo| surgxfh rq wkh uhwluhphqw djh1 Wklv
h{sodlqv wkh vwurqj ghfuhdvh ri uhwluhphqw djh lq 533305343 revhuyhg lq wkh vfh0
qdulr zlwk dffhohudwhg sxeolf ghew1 Li djhqwv h{shfw wkh sxeolf ghew 0 rxwsxw
udwlr wr uhpdlq dw lwv 5333 ohyho/ wkh uhwluhphqw djh zrxog eh durxqg 8<=< |hduv
rog lq 5333 exw zrxog frqwlqxh wr ghfuhdvh wkhuhdiwhu +wr 8<=6 |hduv rog lq 5483,
gxh wr wkh kljkhu oderu wd{ qhfhvvdu| wr sd| lqwhuhvwv rq ghew1 Zlwk d sxeolf
ghew udwlr dw 48(/ wkh orqj0whup ohyho ri wd{dwlrq lv orzhu zkloh uhwluhphqw djh/
hgxfdwlrq dqg rxwsxw duh kljkhu wkdq lq wkh edvholqh hfrqrp| prgho1
E| lqfuhdvlqj wkh diwhu0wd{ zdjh dqg uhgxflqj wkh lqwhuhvw udwh/ d sxeolf
ghew uhgxfwlrq lqfuhdvhv wkh olihf|foh lqfrph exw dovr prglhv wkh lqglylgxdo
frqvxpswlrq suroh1 Lqglylgxdov duh ohvv zloolqj wr vdyh dqg suhihu wr frqvxph
lq wkhlu uvw shulrg ri olih1 Frpsduhg wr wkh lqlwldo vwhdg| vwdwh/ lqglylgxdov
hqmr| lq wkh qdo vwhdg|0vwdwh d kljkhu ohyho ri frqvxpswlrq zkhq |rxqj dqg d
orzhu ohyho zkhq rog +vhh jxuh K151,1 Wkh vpdoohu wkh ghew uhgxfwlrq/ wkh orzhu
zloo eh wkh vkliw ri frqvxpswlrq iurp rog wr |rxqj djh1 Li wkh ghew uhpdlqv dw
lwv fxuuhqw ohyho/ qr vxevwdqwldo uhdoorfdwlrq ri frqvxpswlrq dfurvv wlph rffxuv
dqg frqvxpswlrq ohyho ri hyhu| shulrg ghfuhdvhv1
54Wdeoh := Orqj whup hhfwv ri ydulrxv ghew uhgxfwlrq sdwwhuqv
Hqgrjhqrxv Uhihuhqfh ghew 48( Ghew 5333
Uhwluhphqw djh 94=59 5 =58 < =6
Hgxfdwlrq Lqyhvwphqw 4:=;( 4;=;( 49=9(
Shqvlrq ehqhwv 2 JGS :=47( 9=9( ;=59(
Hgxfdwlrq vxevlglhv 2 JGS 4=;( 4=<( 4=:4(
Dqqxdo jurzwk udwh 4=<6( 4=<7( 4=<4(
Dqqxdo lqwhuhvw udwh 7=;( 7=8( 8(
Oderu lqfrph wd{ 6:=<( 68=9( 74=9(
Uhsodfhphqw udwh :9=8( :6=4( ;5=4(
Rxwsxw 84=<8 6 =57 < =<
71615 Shqvlrq Uhirupv
Dowkrxjk rslqlrqv glhu derxw wkh h{whqw ri wkh sureohp ri wkh djhlqj ri srs0
xodwlrq/ lw lv d jhqhudo frqvhqvxv wkdw vrph dgmxvwphqw ri wkh shqvlrq vfkhphv
zloo eh qhfhvvdu| lq prvw ri wkh RHFG frxqwulhv1 Ydulrxv hpslulfdo hydoxdwlrqv
kdyh ehhq fduulhg rxw wr kljkoljkw wkh lpsdfw ri ghprjudsklf fkdqjh dqg wkh hi0
ihfw ri srwhqwldo uhirupv +vhh iru h{dpsoh Plohv +4<<<,/ Nrwolnr +4<<9,/ Frqhvd
dqg Nuxhjhu +4<<<,/ Dxhuedfk hw do1 +4<;<,/ Gh Qdugl hw do1 +4<<<,/ Kxdqj hw
do1 +4<<:,/ Nrwolnr hw do1 +5334,/ dqg iru wkh Ehojldq fdvh/ Grftxlhu +4<<7,/
Grftxlhu hw do1 +4<<<,/ Olìjhrlv dqg Jlqvexujk +5333,,1 Krzhyhu/ lq doo ri
wkhvh frqwulexwlrqv/ uhwluhphqw djh lv frqvlghuhg dv dq h{rjhqrxv sdudphwhu5<1
Lw lv wkhuhiruh lqwhuhvwlqj wr lqyhvwljdwh zkdw duh wkh suhglfwhg pdfurhfrqrplf
hhfwv +lqfoxghg wkh hhfw rq wkh uhwluhphqw djh, ri ydulrxv shqvlrq uhirupv1
Wzr shqvlrq uhirupv zloo eh frqvlghuhg= d gudvwlf uhirup wrzdugv d ixoo|0ixqghg
vfkhph dqg d sdudphwulf uhirup lpso|lqj d fkdqjh lq wkh vwuxfwxuh ri wd{dwlrq1
Ixoo|0Ixqghg Vfkhph
Zh uvw frpsxwh wkh hhfw ri d gudvwlf wudqvlwlrq wrzdugv d ixoo|0ixqghg
shqvlrq v|vwhp1 Lw lv dvvxphg wkdw iurp |hdu 5343 rqzdugv qr shqvlrq ehqhwv
duh sdlg1 Wkh h{huflvh lv uhdol}hg lq wkh olnho| fdvh zkhuh sxeolf ghew frqyhujhv
wrzdugv wkh Pddvwulfkw fulwhuld dqg lq fdvh sxeolf ghew uhpdlqv dw lwv 5333 ohyho
+uhvshfwlyho| fdoohg g93( dqg g5333 lq dsshqgl{ L,1
Wkh vkliw wrzdugv d Ixoo|0Ixqghg shqvlrq vfkhph kdv wzr gluhfw hhfwv= lw
lqfuhdvhv vdylqjv/ khqfh fdslwdo dqg lw orzhuv oderu lqfrph wd{dwlrq1 Wkh uhgxf0
wlrq ri wd{dwlrq dxjphqwv lqfrph dqg lqfuhdvhv ixuwkhu vdylqjv1 Lq dgglwlrq/
lw udlvhv kxpdq fdslwdo dqg oderu vxsso|/ zklfk lq wxuq uhlqirufhv lwv orzhulqj
e| hqodujlqj wkh wd{ edvlv1 Wkh hhfwv rq fdslwdo dqg oderu vxsso| frpelqh
wr jhqhudwh d kljkhu rxwsxw ohyho wkdq lq wkh edvholqh vfhqdulr/ dqg wklv hyhq
5<Wkh rqo| h{fhswlrq lv Nrwolnr￿ hw do1+5334, wkdw/ dprqj rwkhu srolf| rswlrqv/ frqvlghuv wkh
h￿hfw rq wkh sd|uroo wd{ ri dq lqfuhdvh ri uhwluhphqw djh prghohg dv dq hqgrjhqrxv uhvsrqvh
wr dq dvvxphg h{rjhqrxv lqfuhdvh lq rog djh surgxfwlylw|1
55li sxeolf ghew uhpdlqv dw lwv kljk fxuuhqw ohyho/ khqfh vwloo glyhuwlqj d sduw ri
vdylqjv +vhh jxuhv L14,1 Wkh lqfuhdvhg rxwsxw doorzv wr lqfuhdvh lq erwk fdvhv
wkh shu fdslwd wudqvihuv ohyho +Jm,/ zkloh nhhslqj wkh vkduh ri wudqvihuv lq JGS
frqvwdqw1 Wklv frxog eh xvhg wr frpshqvdwh wkh orvv ri shqvlrq ehqhwv dw wkh
hqg ri olih1 Lq wkhvh h{shulphqwv/ wkh vsolwwlqj ri sxeolf wudqvihuv e| djh lv nhsw
lghqwlfdo wr wkh edvholqh prgho hfrqrp|1 Wkhuhiruh/ wkh vkduh ghyrwhg wr wkh odvw
jhqhudwlrqv pljkw qrw eh odujh hqrxjk wr ixoo| frpshqvdwh wkh h{shulhqfhg orvv1
Frpsduhg zlwk wkh edvholqh vfhqdulr d uhirup wrzdugv d ixoo| ixqghg shqvlrq
vfkhph jhqhudwhv lq erwk fdvhv kljkhu orqj0whup frqvxpswlrq ohyhov lq wkh irxu
uvw shulrgv ri olih +vhh jxuh L15,1 Li Pddvwulfkw fulwhuld duh uhvshfwhg/ orqj0whup
frqvxpswlrq ohyhov lq wkh iwk dqg vl{wk shulrg ri olih +lq d vpdoohu h{whqw, duh
orzhu wkdq lq wkh edvholqh fdvh1 Wkh vkduh ri sxeolf wudqvihuv ghyrwhg wr lqgl0
ylgxdov roghu wkdq 8; |hduv rog lv lqghhg qrw odujh hqrxjk wr ryhufrph wkh orvv
ri lqfrph lqgxfhg e| d orqjhu zrunlqj shulrg dw d orz surgxfwlylw| ohyho dqg
e| wkh orvv ri shqvlrq ehqhwv1 Li ghew uhpdlqv dw lwv fxuuhqw ohyho rqo| wkh iwk
jhqhudwlrqv orvh lq wkh orqj0uxq/ frpsduhg zlwk wkh uhihuhqfh fdvh1 Krzhyhu/ lq
ylhz ri wkh wrwdo frqvxpswlrq jdlqv lq wkh uvw shulrgv ri olih/ lq erwk fdvhv dq
lqwhujhqhudwlrqdo wudqvihu frxog eh ghvljqhg lq rughu wr pdnh hyhu|erg| ehwwhu
r lq whupv ri frqvxpswlrq1
Sdudphwulf Uhirup
Zkloh d uhirup ri shqvlrq v|vwhp wrzdugv d ixoo|0ixqghg vfkhph pd| eh
vxemhfw wr srolwlfdo uhvlvwdqfh/ vrph sdudphwulf uhirupv63 fdq dovr surgxfh dq
lqfuhdvh ri wkh uhwluhphqw djh exw dyrlg vrfldo ru srolwlfdo xquhvw1 D vwudljkw0
iruzdug uhirup zrxog eh wr lqfuhdvh wkh vwdwxwru| uhwluhphqw djh +d uhirup
frqvlghuhg e| wkh hpslulfdo vwxglhv flwhg deryh dqg dovr e| Vd|dq dqg Nludfl
+5334,/ E wohu +5333,,1 Krzhyhu/ wklv pd| eh gl!fxow wr lpsohphqw iru srolwlfdo
uhdvrqv +vhh E wohu +5334,,1 E| fkdqjlqj wkh sdudphwhuv ri wkh shqvlrq iru0
pxod/ d uhirup frxog uhgxfh wkh lqfhqwlyhv wr ohdyh oderu pdunhw dqg wkhuhiruh
surgxfh dq hqgrjhqrxv lqfuhdvh lq wkh oderu vxsso|1 Dv rxu prgho dgyrfdwhv/
oderu lqfrph wd{dwlrq pd| kdyh vljqlfdqwo| frqwulexwhg wr wkh gurs ri oderu
pdunhw sduwlflsdwlrq1 Dq lqwhuhvwlqj uhirup zrxog khqfh lqyroyh d fkdqjh lq
wkh vwuxfwxuh ri wd{dwlrq lq rughu wr ghfuhdvh wkh diwhu0wd{ uhsodfhphqw udwh/
zlwkrxw uhtxlulqj dq| fkdqjh lq wkh shqvlrq ehqhwv1 Iru looxvwudwlyh sxusrvh/
zh frpsxwh wkh hhfwv ri yhu| gudvwlf uhirup wkdw wrwdoo| h{hpswv oderu lqfrph
iurp wd{dwlrq lq wkh odvw shulrg ri zrun1
Wklv uhirup surgxfhv wzr hhfwv rq wkh oderu lqfrph wd{1 Rq rqh kdqg/ e|
vljqlfdqwo| uhgxflqj wkh diwhu0wd{ uhsodfhphqw udwh/ lw udlvhv uhwluhphqw djh/
khqfh oderu vxsso|1 Wkh wd{ sdlg e| d lqfuhdvhg qxpehu ri frqwulexwruv dqg
qhfhvvdu| wr qdqfh d uhgxfhg qxpehu ri shqvlrq ehqhfldulhv lv wkhuhiruh orzhu1
Rq wkh rwkhu kdqg/ lw uhtxluhv lwv lqfuhdvh dv wd{dwlrq lv qrz vxssruwhg e| irxu
jhqhudwlrqv rqo| dqg wkh jurvv zdjh lv uhgxfhg gxh wr wkh idoo lq fdslwdo0oderu
udwlr1 Li Pddvwulfkw fulwhuld duh uhvshfwhg/ wkh vhfrqg hhfw voljkwo| grplqdwhv
63d whup riwhq hpsor|hg wr ghqrwh fkdqjhv lq wkh sdudphwhuv ri wkh h{lvwlqj shqvlrq v|vwhp/
vhh Fkdqg dqg Mdhjhu +4<<9,1
56wkh uvw rqh/ uhtxlulqj dq lqfuhdvh lq oderu wd{dwlrq lq frpsdulvrq zlwk wkh
edvholqh prgho +vhh jxuh L14,1 Wkh kljkhu ohyho ri wd{dwlrq ohdgv wr d voljkwo|
orzhu fdslwdo ohyho wkdq lq wkh edvholqh vfhqdulr1 Krzhyhu/ wkh kljkhu oderu
vxsso| frpshqvdwhv wkh orzhu fdslwdo ohyho wr jhqhudwh d kljkhu rxwsxw dqg
wkhuhiruh d kljkhu wudqvihu shu khdg lq wkh orqj uxq641 Gxh wr lwv odujh srvlwlyh
oderu vxsso| hhfw/ vxfk d srolf| +li frxsohg zlwk d ixooophqw ri wkh Pddvwulfkw
fulwhuld, vhhpv wkhuhiruh d jrrg dowhuqdwlyh wr vroyh wkh ede| exvw1
Wklv uhirup kdv glhuhqw frqvhtxhqfhv lq whup ri frqvxpswlrq suroh1 Zkloh
d wudqvlwlrq wrzdugv d ixoo|0ixqghg vfkhph h{dfhuedwhv wkh uhdoorfdwlrq ri frq0
vxpswlrq wrzdugv wkh hduo| |hduv ri olih rffxuulqj lq wkh edvholqh fdvh/ vxfk d
uhirup vkliwv frqvxpswlrq wrzdugv wkh hqg ri olih1 Frpsduhg wr wkh edvholqh
vfhqdulr/ wklv uhirup jhqhudwhv kljkhu frqvxpswlrq ohyhov lq wkh irxu odvw shulrgv
ri olih gxulqj wkh wudqvlwlrq dv zhoo dv lq wkh orqj uxq/ zkloh wkh vkruw0uxq dqg
orqj uxq frqvxpswlrq orvvhv lq wkh wzr uvw shulrgv ri olih duh yhu| olplwhg +vhh
jxuhv L151,1 Lq frqwudvw wr d uhirup wrzdugv d Ixoo|0Ixqghg shqvlrq v|vwhp/
wkh orvv iru wkh cwudqvlwlrq jhqhudwlrqv* fdq eh hdvlo| dyrlghg/ zklfk zrxog wkhq
hdvh wkh srolwlfdo lpsohphqwdwlrq ri vxfk d uhirup1
Wdeoh ;= Orqj whup hhfwv ri shqvlrq uhirupv
Hqgrjhqrxv II ghew 93( II kljk ghew Sdudphwulf
Uhwluhphqw djh 98=<9 8 =:9 8
Hgxfdwlrq Lqyhvwphqw 53=5( 4<=5( 4;=9(
Shqvlrq ehqhwv 2 JGS 3( 3( 8=68(
Hgxfdwlrq vxevlglhv 2 JGS 4=<( 4=;( 4=;(
Dqqxdo jurzwk udwh 4=<9( 4=<7( 4=<7(
Dqqxdo lqwhuhvw udwh 7=7( 7=:( 8=6(
Oderu lqfrph wd{ 5;=5( 63( 6;=<(
Uhsodfhphqw udwh 3( 3( :4=6(
Rxwsxw 89=48 8 =68 6 =8
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71714 Vpdoo Rshq hfrqrp| dvvxpswlrq
Zkloh wkh dvvxpswlrq ri forvhg hfrqrp| doorzv wr ixoo| wdnh lqwr dffrxqw wkh
jhqhudo htxloleulxp hhfwv ri sxeolf srolflhv/ rqh frxog krzhyhu zrqghu zkhwkhu
wklv k|srwkhvlv lv dffxudwh iru dq rshq dqg vpdoo frxqwu| vxfk dv Ehojlxp1 Zh
wkhuhiruh uxq wkh vdph h{huflvh exw zh nhhs sulfhv frqvwdqw1 Zh { wkh lqwhuhvw
udwh vr wkdw wkh lqfrph vkduh ri fdslwdo pdwfkhv wkdw xqghu hqgrjhqrxv idfwru
sulfhv1
64Dv shqvlrq ehqh￿wv pxvw eh ￿qdqfhg e| oderu wd{ dqg vwloo glyhuwv sduw ri wkh vdylqjv/
vxfk d uhirup jhqhudwhv d orzhu fdslwdo dqg rxwsxw ohyho wkdq d Ixoo|0Ixqghg uhirup1
57Wdeoh < vxppdul}hv wkh qxphulfdo qglqjv lq wklv fdvh1 Dv fdq eh qrwlfhg/
hyhq zlwk frqvwdqw sulfhv/ wkh prgho uhsurgxfhv wkh revhuyhg hyroxwlrq ri hgx0
fdwlrq/ oderu lqfrph wd{ dqg uhwluhphqw djh1 Lq sduwlfxodu/ lw lv deoh wr jhqhudwh
d vxevwdqwldo uhgxfwlrq lq wkh uhwluhphqw djh lq olqh zlwk zkdw kdv ehhq re0
vhuyhg ehwzhhq 4<93 dqg 53331 Dsshqgl{ M glvsod|v wkh judsklfv lq wkhvh fdvhv
dqg frpsduh lw zlwk wkh edvholqh vfhqdulr1
Wdeoh <= Hqgrjhqrxv ydoxhv xqghu wkh vpdoo rshq hfrqrp| dvvxpswlrq
Hqgrjhqrxv 4<93 5333 5483
Uhwluhphqw djh 96=;8 ;9 4 =8
Hgxfdwlrq Lqyhvwphqw :=7( 53=<( 4;=8(
Shqvlrq ehqhwv 2 JGS 7=4( :=9( :=5(
Hgxfdwlrq vxevlglhv 2 JGS =5<( 5( 4=<4(
Dqqxdo jurzwk udwh 4=:5( 6( 4=<7(
Dqqxdo lqwhuhvw udwh 8=;( 8=;( 8=;(
Oderu lqfrph wd{ 56=7( 7:=9( 6:=8(
Uhsodfhphqw udwh 8:=7( 96=:( ::(
71715 Wkh Ydoxh ri 
Dq| fdoleudwlrq h{huflvh uhtxluhv wr pdnh dvvxpswlrqv derxw wkh ydoxhv ri vrph
sdudphwhuv1 Wkh| zhuh fkrvhq lq rughu wr pdwfk d vhulhv ri hpslulfdo prphqwv
frpsxwhg rq Ehojldq gdwd dqg lq frqiruplw| zlwk wkh udqjh surylghg e| wkh
olwhudwxuh1 Krzhyhu/ rqh sdudphwhu iru zklfk qr frqvhqvxv h{lvwv lv wkh lq0
whuwhpsrudo hodvwlflw| ri vxevwlwxwlrq +,1 D odvw vwhs lq wklv sdshu lv wr gr
vrph urexvwqhvv dqdo|vlv iru wkh ydoxh ri vxfk d sdudphwhu1 Dowkrxjk/ zh xvh
wkh vdph sdudphwhuv dv Dxhuedfk dqg Nrwolnr +4<;:,/ zh dovr shuirup wkh
dqdo|vlv zlwk d orzhu ydoxh1 Wkh orzhu wklv sdudphwhu/ wkh ohvv vhqvleoh lv wkh
uhwluhphqw djh ghflvlrq wr d fkdqjh ri wkh rssruwxqlw| frvw ri zrunlqj1 Rq wkh
rwkhu kdqg/ fkdqjlqj wkh ydoxh ri  uhtxluhv wr dgmxvw wkh sdudphwhu  +wkh ydoxh
ri ohlvxuh, lq rughu wr jhqhudwh dq lqlwldo uhwluhphqw djh forvh wr wkh revhuyhg
ydoxh lq 4<931
Iru orzhu ydoxhv ri / wkh sdwk ri hyhu| yduldeoh lv h{dfwo| wkh vdph/ exw wkh
pdjqlwxgh ri yduldwlrq ri uhwluhphqw djh lv orzhu1 Iru h{dpsoh/ zlwk  @3 =8/
lq wkh edvholqh prgho hfrqrp| wkh uhwluhphqw djh zrxog eh uhgxfhg wr 93=; lq
5333651 Dv lq wkh suhylrxv fdvh/ wklv hyroxwlrq lv h{sodlqhg e| wkh frpelqdwlrq
ri lqfuhdvlqj sxeolf ghew 0 rxwsxw udwlr dqg h{sdqvlrqdu| vfdo srolflhv1 Wkh
wzr shqvlrq uhirupv frqvlghuhg vljqlfdqwo| lpsuryh wkh rxwsxw ohyho wkurxjk
wkhlu srvlwlyh hhfwv rq wkh oderu pdunhw sduwlflsdwlrq dqg jhqhudwh wkh vdph
uhdoorfdwlrq ri frqvxpswlrq sdwwhuqv1 Wkh rqo| glhuhqfh lv wkdw zlwk d orzhu
65Iru frqflvlrq/ dsshqgl{ a rqo| frqwdlqv wkh wdeoh fruuhvsrqglqj wr wkh fdvh ri 4 ’f ￿D1
Wkh judsklfv iru wklv dqg rwkhu ydoxhv duh dydlodeoh rq uhtxhvw1
58lqwudwhpsrudo hodvwlflw| ri vxevwlwxwlrq wkh dgmxvwphqw wr dq h{rjhqrxv fkdqjh
rffxuv pruh wkurxjk d fkdqjh lq frqvxpswlrq wkdq lq ohlvxuh1 Wkhuhiruh/ wkh
y d u l d w l r qr if r q v x p s w l r ql q5 3 3 3l vo d u j h uw k ho r z h ul v1
Wkhvh uhvxowv frqup wkh fdsdflw| ri vxfk d prgho wr jhqhudwh wkh sdwwhuq
revhuyhg ehwzhhq 4<93 dqg 53331 Lw vkrzv dovr wkdw/ hyhq li djhqwv duh uhoxf0
wdqw wr vxevwlwxwh ehwzhhq frqvxpswlrq dqg ohlvxuh/ wkh revhuyhg uhgxfwlrq ri
oderu sduwlflsdwlrq ri rog zrunhuv frxog eh lqwhusuhwhg/ dw ohdvw sduwldoo|/ dv
dq rswlpdo lqglylgxdo dgmxvwphqw/ qr pdwwhu wkh hyroxwlrq ri shqvlrq vfkhph1
Lq dgglwlrq/ wkh| fruurerudwh wkdw lpsuryhphqwv lq oderu pdunhw sduwlflsdwlrq
frxog eh jhqhudwhg wkurxjk uhgxfwlrq lq sxeolf ghew dv zhoo dv wkurxjk shqvlrq
uhirupv1
8F r q f o x v l r q
Iurp Zruog Zdu LL/ jryhuqphqw kdv ehfrph dq lq xhqwldo dfwru ri wkh hfrqrp|
lq wkh pdmrulw| ri RHFG frxqwulhv1 Uhjduglqj wklv dvshfw/ Ehojlxp frqvwlwxwhv
dq lqwhuhvwlqj fdvh vwxg| dv wkh uroh ri wkh vwdwh dqg lwv qdqfhv kdyh uhfrughg
pdmru hyroxwlrqv lq wkh vrflr0hfrqrplf klvwru| ri Ehojlxp diwhu Zruog Zdu LL1 Lq
dgglwlrq/ wkh frpsoldqfh wr wkh Pddvwulfkw fulwhuld vwloo uhtxluhv pdmru uhirupv
ri wkh Ehojldq sxeolf qdqfhv/ zkrvh hhfwv duh olnho| wr dhfw wkh hfrqrp| lq
wkh ixwxuh1 Zh wkhuhiruh ghyhors d frpsxwdeoh prgho lq rughu wr vwxg| wkh sdvw
dqg ixwxuh hhfwv ri sxeolf srolflhv1
D sduwlfxodu txhvwlrq rxu prgho dlpv dw dgguhvvlqj lv zkhwkhu dqg wr zkdw
h{whqw wkh gurs lq wkh hhfwlyh uhwluhphqw djh/ rffxuulqj lq prvw RHFG frxq0
wulhv dqg zlwk dq h{wuhph lqwhqvlw| lq Ehojlxp/ pd| kdyh ehhq lqgxfhg e| wkh
h{sdqvlrqlvw vfdo srolflhv dqg lwv qdqflqj phwkrg1 Lq dgglwlrq/ zh lqyhvwl0
jdwh wkh pdfurhfrqrplf lpsdfwv +lqfoxghg wkh hhfw rq wkh uhwluhphqw djh, ri
sxeolf srolf| uhirupv lq rughu wr ixooo Pddvwulfkw fulwhuld dqg wr dgmxvw wkh
fxuuhqw SD\J shqvlrq v|vwhp fkdoohqjhg e| wkh djhlqj ri srsxodwlrq1 Wklv
prgho oov d yrlfh lq wkh olwhudwxuh e| dqdo|}lqj wkh jhqhudo htxloleulxp hhfwv
ri uhwluhphqw ehkdylru dqg xqghuo|lqj wkh srwhqwldo pdfurhfrqrplf lqwhudfwlrqv
ehwzhhq sxeolf qdqfhv/ qdqflqj phwkrgv dqg uhwluhphqw ghflvlrqv1
Wr lqyhvwljdwh wkhvh txhvwlrqv/ zh xvh d fdoleudwhg jhqhudo htxloleulxp prgho
zlwk ryhuodsslqj jhqhudwlrqv lq wkh vslulw ri Dxhuedfk dqg Nrwolnr +4<;:,, zlwk
hqgrjhqrxv jurzwk/ hqgrjhqrxv uhwluhphqw djh dqg zlwk d ghwdlohg ghvfulswlrq
ri wkh sxeolf qdqfhv djjuhjdwhv1 Zh fdoleudwh wkhp vr dv wr pdwfk wkhlu hyr0
oxwlrq lq Ehojlxp ehwzhhq 4<93 dqg 4<<81
Rxu prgho lv deoh wr uhsolfdwh wkh revhuyhg hyroxwlrq ri wkh pdlq pdfurh0
frqrplf yduldeohv ri wkh hfrqrp| ehwzhhq 4<93 dqg 53331 Lq sduwlfxodu/ lw fdq
uhsurgxfh wkh revhuyhg lqfuhdvh lq oderu lqfrph wd{ dqg d vxevwdqwldo sduw ri
wkh gurs lq wkh uhwluhphqw djh uhfrughg ryhu wkh odvw iw| |hduv1 Wklv wkhuhiruh
vxjjhvwv wkdw wkh revhuyhg uhgxfwlrq ri oderu sduwlflsdwlrq ri rog zrunhuv fdq eh
frqvlghuhg/ dw ohdvw sduwldoo|/ dv dq rswlpdo dgmxvwphqw ri lqglylgxdov frqiurqwhg
zlwk lqfuhdvhg oderu lqfrph wd{dwlrq/ hyhq lq devhqfh ri dq| hqodujhphqw ri wkh
jhqhurvlw| ri shqvlrq vfkhph1 Zh qg wkdw wkh vkdus lqfuhdvh lq jryhuqphqw h{0
59shqglwxuhv qdqfhg e| oderu lqfrph wd{dwlrq dqg wkh exloglqj xs ri d kljk ohyho
ri sxeolf ghew pd| kdyh vljqlfdqwo| frqwulexwhg wr wklv hyroxwlrq1 Wklv prgho
dovr vxjjhvwv wkdw d srolf| dlphg wrzdugv d uhgxfwlrq lq wkh sxeolf ghew zrxog
frqvwlwxwh d srolwlfdoo| ihdvleoh dowhuqdwlyh wr uhgxfh wkh qhjdwlyh lpsdfw rq dj0
lqj e| jhqhudwlqj dq hqgrjhqrxv lqfuhdvh ri wkh uhwluhphqw djh1 Krzhyhu/ wkh
vshhg ri sxeolf ghew uhgxfwlrq pd| eh d fuxfldo idfwru uhjduglqj wkh uhwluhphqw
djh1 Ilqdoo|/ rxu uhvxowv vkrz dovr wkdw d sdudphwulf shqvlrq uhirup lpso|lqj d
orzhu wd{dwlrq rq rog zrunhuv/ zkloh suredeo| ohvv srolwlfdoo| frqwuryhuvldo wkdq
d wudqvlwlrq wrzdugv d ixoo|0ixqghg shqvlrq vfkhph/ vxevwdqwldoo| dpsolhv wkh
srvlwlyh hhfwv ri Pddvwulfkw fulwhuld rq wkh uhwluhphqw djh zlwkrxw lpso|lqj d
orvv iru wkh cwudqvlwlrq jhqhudwlrqv*1
5:Uhihuhqfhv
^4` Dqqxdluh Vwdwlvwltxh gh od Ehojltxh/ Lqvwlwxw Qdwlrqdo gh Vwdwlvwltxh/ Plq0
lvwëuh ghv Ddluhv Hfrqrpltxhv/ +4<8504<<8,/ +:6,/ +;5,/ +<4,/ +434,/ +446,1
^5` Dxhuedfk/ D1M1 dqg O1 Nrwolnr +4<;:,/ cG|qdplf Ilvfdo Srolf|*/ Fdpeulgjh
Xqlyhuvlw| Suhvv/ Fdpeulgjh1
^6` Dxhuedfk/ D/ O1 Nrwolnr/ U1 Kdjhpdqq/ J1 Qlfrohwwl +4<;<,/ cWkh Hfr0
qrplf G|qdplfv ri dq Djhlqj Srsxodwlrq= wkh Fdvh ri Irxu RHFG frxq0
wulhv*/ Zrunlqj Sdshu 95/ RHFG1
^7` Dwnlqvrq/ D1E1 +4<;:,/ cLqfrph Pdlqwhqdqfh dqg Vrfldo Lqvxudqfh*/ Lq
Dxhuedfk/ D1M1/ Ihogvwhlq/ P1V1 +Hgv,/ Kdqgerrn ri Sxeolf Hfrqrplfv/
Yro15/ Qruwk Kroodqg/ Qhz \run1
^8` Eodqfkhw/ G1 hw F1 Eurxvvh +4<<7,/ cO*åjh gh od uhwudlwh/ txhotxhv dssurfkhv
h{solfdwlyhv*/ Uhyxh ìfrqrpltxh/q ￿6/ ::80:;;1
^9` Eoùqgdo/ V1 dqg V1 Vfdushwwd +4<<;,/ cWkh Uhwluhphqw Ghflvlrq lq RHFG
Frxqwulhv*/ Hfrqrplf Ghsduwphqw Zrunlqj Sdshuv/ 535/ RHFG1
^:` Erx}dk}dk P1/ G1 Gh od Furl{/ I1 Grftxlhu +5334,/ cSrolf| Uhirupv dqg
Jurzwk lq Frpsxwdeoh ROJ Hfrqrplhv*/ Mrxuqdo ri Hfrqrplf G|qdplfv/
iruwkfrplqj1
^;` Exuelgjh/ M1 dqg D1 Uree +4<;3,/ cShqvlrqv dqg Uhwluhphqw Ehkdylru*/
Fdqdgldq Mrxuqdo ri Hfrqrplfv/ 46/ 754076:1
^<` E wohu P1 +5333,/ cWkh Srolwlfdo Ihdvlelolw| ri Shqvlrq Uhirup Rswlrqv=
Wkh Fdvh ri Vzlw}huodqg*/ Mrxuqdo ri Sxeolf Hfrqrplfv/ :8 +6,= 6;<07491
^43` E wohu P1 +5334,/ cWkh Srolwlfdo Ihdvlelolw| ri Lqfuhdvlqj Uhwluhphqw Djh=
Ohvvrqv iurp d Edoorw rq Ihpdoh Uhwluhphqw Djh*/ Glvfxvvlrq Sdshu Qr1
5:;3/ FHSU1
^44` Fkdqg V1N1/ Mdhjhu/ D1 +4<<9,/ cDjlqj Srsxodwlrqv dqg Sxeolf shqvlrq
Vfkhphv*/ Rffdvlrqdo sdshu 47:/ Lqwhuqdwlrqdo Prqhwdu| Ixqg/ Zdvklqj0
wrq/ G1F1
^45` Fudzirug dqg Ololhq +4<;4,/ cVrfldo Vhfxulw| dqg wkh Uhwluhphqw Ghflvlrq*/
Txduwhuo| Mrxuqdo ri Hfrqrplfv/ <9/ s 83;085<1
^46` Frqhvd M1 dqg G1 Nuxhjhu +4<<<,/ cVrfldo Vhfxulw| Uhirup zlwk Khwhurjh0
qrxv Djhqwv*/ Uhylhz ri Hfrqrplf G|qdplfv/ 5 +7,/ :8:0:;81
^47` gh Elrooh|/ W1 dqg D1 Jlorw +4<;:,/ cWkh Fdslwdo Vwrfn ri wkh Ehojldq Hfrq0
rp|= Hydoxdwlrq dqg Dqdo|vlv*/ Sodqqlqj Sdshu 4</ Ihghudo Sodqqlqj Ex0
uhdx1
5;^48` Gh Fdoodwd| H1 dqg E1 Wxuwhoerrp +4<<:,/ Shqvlrq Uhirp lq Ehojlxp*/
Fdklhuv Hfrqrpltxhv gh Eux{hoohv/ 489/ 6:60744=
^49` gh od Furl{ G1/ J1 Pdklhx/ D1 Uloodhuv +5334,/ cKrz vkrxog wkh doorfdwlrq
ri uhvrxufhv dgmxvw wr wkh ede| exvwB*/ Glvfxvvlrq sdshu 533406/ LUHV1
^4:` Ghoolv D1/ D1 Mrxvwhq dqg V1 Shuhopdq +5334,/ cPlfur0Prghoolqj ri Uhwluh0
phqw lq Ehojlxp*/ Glvfxvvlrq sdshu Qr 5:<8/ FHSU1
^4;` Gh Qdugl P1/ V1 Lpurkrurjox/ W1 Vdujhqw +4<<<,/ cSurmhfwhg XV Ghpr0
judsklfv dqg Vrfldo Vhfxulw|*/ Uhylhz ri Hfrqrplf G|qdplfv/ 5 +6, = 8:80
9481
^4<` Gldprqg/ S1/ Juxehu/ M1 +4<<:,/ cVrfldo Vhfxulw| dqg Uhwluhphqw lq wkh
XV*/ Zrunlqj Sdshu 93<:/ QEHU1
^53` Grftxlhu I1 +4<<7,/ cWudqvihuv Sxeolfv hw Wudqvlwlrq Gìprjudskltxh hq
Ehojltxh= xqh Dssurfkh sdu o*Htxloleuh Jìqìudo*/ Fdklhuv Hfrqrpltxhv gh
Eux{hoohv/ 474=;<04481
^54` Grftxlhu I1/ S1 Olìjhrlv/ M1S1 Vwlmqv +4<<<,/ cFrpswdelolwì jìqìudwlrqqhooh
hw ylhloolvvhphqw gìprjudskltxh= ohv hqvhljqhphqwv g*xq prgëoh g*ìtxloleuh
jìqìudo fdofxodeoh fdoleuì srxu od Ehojltxh*/ Dfwxdolwì Hfrqrpltxh/ :8/ 6660
6891
^55` Grftxlhu/ I1 dqg S1 Plfkho +4<<<,/ cHgxfdwlrq Vxevlglhv dqg Hqgrjhqrxv
Jurzwk= Lpsolfdwlrqv ri Ghprjudsklf Vkrfnv*/ Vfdqglqdyldq Mrxuqdo ri
Hfrqrplfv/ 434=75807731
^56` Hxurshdq Frpplvvlrq +5333,/ cHFILQ*v Hhfwlyh Wd{ Udwhv1 Surshuwlhv
dqg Frpsdulvrqv zlwk Rwkhu Wd{ Lqglfdwruv*/ Hfrqrplf Sdshu/ 479/ Rfwr0
ehu1
^57` Ihghudo Sodqqlqj Exuhdx +4<<:d,/ cOh Ylhloolvvhphqw Gìprjudskltxh 0 Gh
o*Dqdo|vh ghv Hyroxwlrqv gh Srsxodwlrq dx Ulvtxh gh Frqfoxvlrqv Kåwlyhv*/
Sodqqlqj sdshu ;41
^58` Ihghudo Sodqqlqj Exuhdx +4<<:e,/ cShuvshfwlyhv Ilqdqflëuhv gh od Vìfxulwh
Vrfldoh ã o*Krul}rq 5383*/ Sodqqlqj sdshu ;61
^59` Ilhogv J1V1 dqg R1V1 Plwfkhoo +4<;7,/ cUhwluhphqw Shqvlrqv dqg Vrfldo Vh0
fxulw|*/ Fdpeulgjh/ PD =PLW Suhvv1
^5:` Juxehu/ M1 dqg G1 Zlvh +4<<:,/ cVrfldo Vhfxulw| Surjudpv dqg Uhwluhphqw
durxqg wkh Zruog*/ QEHU Zrunlqj Sdshu 9467/ Qdwlrqdo Exuhdx ri Hfr0
qrplf Uhvhdufk/ Fdpeulgjh/ PD1
^5;` Kx/ V1 +4<:<,/ cVrfldo Vhfxulw|/ wkh Vxsso| ri oderu/ dqg Fdslwdo Dffxpx0
odwlrq*/ Dphulfdq Hfrqrplf Uhylhz/ 9< = 5:705;61
5<^5<` Kxdqj K1/ V1 Lpurkrurjox/ W1 Vdujhqw +4<<:,/ cWzr Frpsxwdwlrqv wr Ixqg
Vrfldo Vhfxulw|*/ Pdfurhfrqrplf G|qdplfv/ 4 +4, = :0771
^63` Kxug/ P1 +4<;<,/ cPruwdolw| Ulvnv dqg Ehtxhvwv*/ Hfrqrphwulfd/y r o 18 : /
ss ::<0;461
^64` Lqvwlwxw Qdwlrqdo gh Vwdwlvwltxh= Oderu Pdunhw Vxuyh| dqg Srsxodwlrq Fhq0
vxv +4<9304<<<,1
^65` Nlqjvwrq/ J1K1 +5333,/ cH!flhqw Wlplqj ri Uhwluhphqw*/ Uhylhz ri Hfr0
qrplf G|qdplfv/ 6/ ;640;731
^66` Nrwolnr/ O1 +4<<9,/ cVlpxodwlqj wkh sulydwl}dwlrq ri Vrfldo Vhfxulw| lq Jhq0
hudo Htxloleulxp*/ Zrunlqj Sdshu 8::9/ QEHU1
^67` Nrwolnr/ O1/ N1 Vphwwhuv/ M1 Zdoolvhu +5334,/ cIlqglqj D Zd| Rxw ri Dphu0
lfd*v Ghprjudsklf Glohppd*/ Zrunlqj Sdshu ;58;/ QEHU1
^68` Olìjhrlv S1 dqg Y1 Jlqvexujk +5333,/ cYlhloolvvhphqw Gìprjudskltxh hw
Ghwwh Sxeoltxh= Dvshfwv Pdfurìfrqrpltxhv*/ lq cUì h{lrq vxu o*Dyhqlu gh
qrv Uhwudlwhv*/ xqghu wkh vxshuylvlrq ri S1 Shvwlhdx/ O1 Jhyhuv/ Y1 Jlqv0
exujk/ H1 Vfkrnndhuwv/ E1 Fdqwloorq/ Hg1 Jdudqw/ Ohxyhq1
^69` Oxfdv/ U1 +4<;;,/ cRq wkh phfkdqlfv ri Hfrqrplf Ghyhorsphqw*/ Mrxuqdo
ri Prqhwdu| Hfrqrplfv/ 55=60751
^6:` Plfkho/ S dqg S1 Shvwlhdx +4<<<,/ cVrfldo Vhfxulw| dqg Hduo| Uhwluhphqw lq
dq Ryhuodsslqj Jhqhudwlrqv Jurzwk prgho*/ Zrunlqj Sdshu <<84/ FRUH1
^6;` Plwfkhoo/ R1 dqg J1 Ilhogv +4<;7,/ cWkh Hfrqrplfv ri Uhwluhphqw Ehkdylru*/
Mrxuqdo ri Oderu Hfrqrplfv/ 5/ ;704381
^6<` Plohv/ G1 +4<<<,/ cPrghoolqj wkh Lpsdfw ri Ghprjudsklf Fkdqjh xsrq wkh
Hfrqrp|*/ Hfrqrplf Mrxuqdo/ 43<=40691
^73` RHFG +4<<;,/ cWkh uhwluhphqw Ghflvlrq*/ lq Hfrqrplf Rxworrn 4<<;/ 4:<0
4<51
^74` RHFG +5333,/ cDyhudjh Hhfwlyh Wd{ Udwhv rq Fdslwdo/ Oderxu dqg Frq0
vxpswlrq*/ RHFG Zrunlqj Sdshu 58;1
^75` Shvwlhdx/ S1 dqg M1S1 Vwlmqv +4<<<,/ cVrfldo Vhfxulw| dqg Uhwluhphqw lq
Ehojlxp*/ lq Juxehu M1 dqg Zlvh G1 +4<<<,/ cVrfldo Vhfxulw| dqg Uhwluhphqw
Durxqg wkh Zruog*/ QEHU dqg Fklfdjr Xqlyhuvlw| Suhvv/ Fklfdjr/ 6:0:41
^76` Uxvw M1 dqg F1 Skhodq +4<<:,/ cKrz Vrfldo Vhfxulw| dqg Phglfduh Dhfw
Uhwluhphqw Ehkdylru lq d Zruog ri Lqfrpsohwh Pdunhwv*/ Hfrqrphwulfd/9 8
+7,/ :;40;641
^77` Vdpzlfn/ D1D1 +4<<;,/ cQhz Hylghqfh rq Shqvlrqv/ Vrfldo Vhfxulw|/ dqg wkh
Wlplqj ri Uhwluhphqw*/ Mrxuqdo ri Sxeolf Hfrqrplfv/ :3/ 53:05691
63^78` Vd|dq V dqg D1 Nludfl +5334,/ cSdudphwulf Shqvlrq Uhirup zlwk Kljkhu Uh0
wluhphqw Djhv= D Frpsxwdwlrqdo Lqyhvwljdwlrq ri Dowhuqdwlyhv iru d Sd|0Dv0
\rx0Jr0Edvhg shqvlrq V|vwhp*/ Mrxuqdo ri Hfrqrplf G|qdplfv ) Frqwuro/
58/ <840<991
^79` Vdydjh/ U1 +5333,/ cWdx{ g*hqghwwhphqw sxeolf/ gìwhuplqdqwv gh orqjxh
sìulrgh hw hhw erxoh gh qhljh1 Oh fdv ehojh 4<860<<1*/ lq Exoohwlq gh Grf0
xphqwdwlrq gx Plqlvwëuh ghv Ilqdqfhv/ vhswhpeuh0rfwreuh/ q￿91
^7:` Vwrfn/ M1K1/ G1D1 Zlvh +4<<3d,/ cShqvlrqv/ wkh Rswlrq Ydoxh ri Zrun/ dqg
Uhwluhphqw*/ Hfrqrphwulfd 8;/ 4484044;31
^7;` Vwrfn/ M1K1/ G1D1 Zlvh +4<<3e,/ cWkh Shqvlrq Lqgxfhphqw wr Uhwluh= Dq
Rswlrq Ydoxh Dqdo|vlv*1 Lq= Zlvh/ G1D1 +Hgv, J1W1/ cLvvxhv lq wkh Hfr0
qrplfv ri Djlqj*/ Xqlyhuvlw| ri Fklfdjr Suhvv/ Fklfdjr1
64D Vrph Vw|ol}hg Idfwv lq Hxursh dqg lq Eho0
jlxp
D14 Dyhudjh Uhwluhphqw Djh lq Hxursh
D vwulnlqj ihdwxuh ri wkh odvw iw| |hduv lv wkh vkdus ghfuhdvh lq wkh oderu pdunhw
sduwlflsdwlrq ri rog zrunhuv lq ydulrxv Hxurshdq frxqwulhv1 Wklv kdsshqv zlwk
dq h{wuhph lqwhqvlw| lq Ehojlxp zkhuh wkh dyhudjh uhwluhphqw djh lv wkh orzhvw
dprqj wkrvh frxqwulhv/ dv fdq eh vhhq lq wdeoh D141
Wdeoh D14= Dyhudjh uhwluhphqw djh iru phq lq Hxurshdq frxqwulhv
4<93 4<:3 4<;3 4<<3 4<<8
Dxvwuld 961< 951: 9314 8;1: 8;19
Ehojlxp 9616 9519 9414 8;16 8:19
Ghqpdun 991: 9916 9718 9616 951:
Ilqodqg 9814 951: 9314 8<19 8<13
Iudqfh 9718 9618 9416 8<19 8<15
Jhupdq| 9815 9816 9515 9316 9318
Juhhfh 9918 9819 971< 9516 9516
Luhodqg 9;14 9:18 9915 9713 9617
Lwdo| 9718 9519 9419 931< 9319
Ox{hperxuj 961: 9518 8<13 8:19 8;17
Qhwkhuodqgv 9914 961; 9417 8<16 8;1;
Qruzd| 9:13 9918 9913 9719 961;
Sruwxjdo 9:18 9:15 971: 961< 9619
Vsdlq 9:1< 9815 9617 9419 9417
Vzhghq 9913 9816 9719 961< 9616
Vzlw}huodqg 9:16 991: 9818 971; 9719
Xqlwhg Nlqjgrp 9915 9817 9719 9615 951:
Vrxufh= Eoøqgdo dqg Vfdushwwd +4<<;,
65D15 Hyroxwlrq ri Vrph Sxeolf Ilqdqfhv Djjuhjdwhv lq Eho0
jlxp= d Jrrg Fdvh Vwxg|
Ryhu wkh shulrg 4<9305333/ Ehojldq sxeolf qdqfhv kdyh h{shulhqfhg vrph pdmru
hyroxwlrq +vhh wdeoh D15,1
Wdeoh D15= Sxeolf Ilqdqfh Djjuhjdwhv lq Ehojlxp
4<93 4<:3 4<;3 4<<3 5333
Sxeolf ghew2JGS4 ;3=;( 96=6( :5=;( 455=4( 448(
Lqwhuhvw rq sxeolf ghew2JGS 5=;( 6=5( 9( 43=8( :(
Sulpdu| h{shqglwxuhv2JGS 63=9( 6:=9( 7;=<( 73=8( 74=9(
-Wudqvihuv wr krxvhkrogv2JGS 45=7( 47=<( 54=8( 53=:( 54=6(
0Shqvlrqv2JGS 7( 8=;( <=5( <( <=5(
-Sxeolf frqvxpswlrq2JGS 45=7( 46=7( 4:=9( 47( 47=7(
0Hgxfdwlrq2JGS 6=;( 8=5( :=4( 8=;( 8=<(
0Kljkhu hgxfdwlrq2JGS 3=5( 3=8:4( 4=358( =;48( =;48(
-Sxeolf h{shqglwxuhv lq fdslwdo2JGS 6=8( 8=6( 8=6( 5=4( 5=8(
-Rwkhu sxeolf h{shqglwxuhv2JGS 5=6( 7( 7=8( 6=:( 6=7(
Sulpdu| Vxusoxv +ghflw, 5( .4( 5=5( .7=;( .9=8(
41 Wkh sxeolf ghew uhihuv wr wkh wrwdo ghew ri sxeolf dgplqlvwudwlrq lqfoxglqj orfdo jryhuqphqw1
Vrxufhv= RHFG+5333,/ Vdydjh +5333,/ Exuhdx Ihghudo gx Sodq +5333,/ LQV= Oderu Pdunhw vxuyh|/ Dqqh{hv
Vwdwlvwltxhv gh od Ehojltxh +Wrphv :6/ ;5/ <4/ 434/ 446,1
Rq rqh kdqg/ wkh odvw iw| |hduv kdyh ehhq fkdudfwhul}hg e| d gudpdwlf
lqfuhdvh lq sxeolf h{shqglwxuhv xqwlo 4<;4/ iroorzhg e| d prghudwh uhgxfwlrq1
Ryhu wkh shulrg 4<930:6/ wkh pdlq fxosulw zdv wkh ulvh lq sulpdu| h{shqglwxuhv/
odujho| fdxvhg e| wkh lqfuhdvh ri wkh wudqvihuv wr krxvhkrogv +dqg lq sduwlfx0
odu ri vrfldo vhfxulw| wudqvihuv,/ exw dovr gxh wr d ulvh lq sxeolf frqvxpswlrq
+sduwlfxoduo| wkrxjk hgxfdwlrq h{shqglwxuhv,1 Wklv dvfhqglqj hyroxwlrq zdv
vxssohphqwhg gxulqj wkh vhfrqg sduw ri wklv shulrg e| wkh lqwhuhvwv wr sdlg rq
wkh sxeolf ghew661 Sxeolf ghew lqfuhdvhg lqghhg iurp ;3( ri JGS lq 4<93 wr
doprvw ;8( lq 4<;4 dqg frqwlqxhg wr lqfuhdvh wkhuhdiwhu wr uhdfk d pd{lpxp
ri doprvw 467( ri JGS lq 4<<61 Wkh lqfuhdvh ri sxeolf ghew ehwzhhq 4<;4 dqg
4<<3 lv gxh wr wkh zhoo nqrz cvqrzedoo hhfw*/ zklfk rqo| uhyhuvhv vlqfh 4<<61
Vlqfh 4<;5/ wkh sxeolf srolf| zdv lqghhg ixqgdphqwdoo| uhrulhqwhg wrzdugv d
uhrujdql}dwlrq ri sxeolf qdqfhv1 Sulpdu| h{shqglwxuhv zhuh vljqlfdqwo| uh0
gxfhg/ udwkhu wkurxjk d uhgxfwlrq lq sxeolf frqvxpswlrq dqg sxeolf lqyhvwphqw
wkdq yld d uhgxfwlrq ri wkh wudqvihuv wr krxvhkrogv167
Wklv fkdqjh lq sxeolf srolf| fdq dovr eh qrwlfhg e| orrnlqj dw wkh hyroxwlrq
ri wkh sulpdu| vxusoxv= lw kdv qrz uhdfkhg lq Ehojlxp d kljkhu shufhqwdjh ri
JGS wkdq lq wkh pdmrulw| ri wkh RHFG frxqwulhv +vhh wdeoh D16,1 Krzhyhu/
hyhq zlwk vxfk d fohdqvlqj/ wkh Ehojldq sxeolf ghew 0 rxwsxw udwlr lv vwloo wkh
66Lq 4<;4/ sulpdu| h{shqglwxuhv uhsuhvhqwhg 841:( ri JGS/ zkloh wkh lqwhuhvwv rq sxeolf
ghew devruehg ;( ri JGS1
67Wkh vkduh ri wudqvihuv wr krxvhkrog lq sulpdu| h{shqglwxuhv kdv lqghhg ulvhq ryhu wlph/
iurp 6:18( lq 4<86 wr 771:( lq 4<;4 dqg wr 841;( lq 4<<<1
66kljkhvw ri wkh Hxurshdq vdpsoh/ pdnlqj wkh Pddvwulfkw fulwlfdo ohyho ri 93( ri
JGS vwloo yhu| idu dzd| +vhh wdeoh D17,1









Vrxufh= H1F1 +GJ LL,= DPHFR gdwdedvh1









Vrxufh= H1F1 +GJ LL,= DPHFR gdwdedvh1 Mdsdq gdwd iru 4<<;1
Rq wkh rwkhu kdqg/ wr qdqfh wkhvh jurzlqj sxeolf h{shqglwxuhv/ wd{hv ohylhg
e| wkh jryhuqphqw zhuh frqvwdqwo| dxjphqwhg ryhu wkh odvw iw| |hduv/ sduwlfx0
oduo| rq oderu lqfrph1 Wkh hhfwlyh wd{ udwhv rq oderu urvh iurp 5;16( lq 4<:3
wr 7715 ( lq 533368/ pdnlqj wkh fxuuhqw Ehojldq wd{ udwh zhoo deryh wkh Hxur0
shdq dyhudjh +iru zklfk d frpsdudeoh exw pruh prghudwh dvfhqglqj hyroxwlrq
zdv uhfrughg, dqg doprvw grxeoh wkdq wkh XV wd{ udwh +vhh wdeoh D18,1
Wdeoh D181 Hhfwlyh Wd{ Udwhv rq Oderu +(,
:3 ;3 <3 5333
Ehojlxp 5;=66 ; =37 4 =<7 7 =5
Jhupdq| 5<=76 ; =46 ; =67 6 =9
Iudqfh 59=96 7 =96 < =:7 4 =;
Qhwkhuodqgv 5<=<6 : =;6 ; =86 9 =6
HX048 58=86 5 =86 8 =:6 9 =<
Mdsdq 43=:4 9 =65 5 =85 4 =3
XV 49=:5 3 =95 4 =;5 6 =<
Vrxufh= H1F1 +5333,1
68Zkloh wd{ udwhv rq fdslwdo lqfrph lqfuhdvhg lq d prghudwh h{whqw dqg wd{ udwhv rq frq0
vxpswlrq vwd| uhodwlyho| vwdeoh +vhh wdeohv D19 dqg D1:,
67Wdeoh D191 Hhfwlyh Wd{ Udwhv rq Fdslwdo +(,
:3 ;3 <3 5333
Ehojlxp 49=35 4 =65 3 =45 6 =:
Jhupdq| 4;=64 < =34 9 =54 9 =3
Iudqfh 48=84 : =:4 : =<5 5 =3
Qhwkhuodqgv 4<=85 5 =85 4 =85 7 =3
HX048 48=84 : =84 ; =;5 3 =9
Mdsdq 4<=36 3 =45 < =85 6 =8
XV 59=65 5 =74 < =<5 5 =:
Vrxufh= H1F1 +5333,1
Wdeoh D1:1 Hhfwlyh Wd{ Udwhv rq Frqvxpswlrq +(,
:3 ;3 <3 5333
Ehojlxp 56=54 : =;4 ; =65 3 =9
Jhupdq| 4<=54 : =:4 : =;4 ; =3
Iudqfh 56=95 6 =65 6 =45 7 =4
Qhwkhuodqgv 48=<4 8 =94 9 =:4 < =8
HX048 53=34 ; =94 < =75 3 =:
Mdsdq 46=54 5 =54 6 =:4 6 =8
XV 44=<< =9< =8< =5
Vrxufh= H1F1 +5333,1
D16 Wkh Vsolwwlqj ri Sxeolf Wudqvihuv e| Djh
Wkh vsolwwlqj ri sxeolf wudqvihuv e| djh jurxsv lv edvhg rq wkh vwxg| ri jhqhu0
dwlrqdo dffrxqwlqj ri Grftxlhu/ Olìjhrlv dqg Vwlmqv +4<<<,1 Wklv vwxg| ghwhu0
plqhv wkh wrwdo sxeolf wudqvihuv uhfhlyhg e| dq lqglylgxdo dw hdfk |hdu ri klv olih
lq Ehojlxp lq 4<<:1 Xvlqj wkh srsxodwlrq vwuxfwxuh lq Ehojlxp lq 4<<:/ zh fdq
ghwhuplqh wkh wrwdo wudqvihuv uhfhlyhg e| hdfk djh jurxs +Wrwdo, dv zhoo dv lwv
ghfrpsrvlwlrq e| w|shv ri wudqvihuv1
Wdeoh D1;1 Sxeolf Wudqvihuv e| Djh Jurxs lq ( ri Wrwdo Sxeolf Wudqvihuv
Idp1Doo Hgx?4; Khdowk Xqhps HgxA4; Shqvlrqv Wrwdo
30: 6=7< 5=:9 4=4: 3 3 3 :=75
;04: 6=76 :=<; 4=54 3=44 3 3 45=:6
4;05: 4=8: 3 5=99 5=37 6=9; 3 <=<8
5;06: 3=3: 3 6=<< 5=5: 3=47 3=45 9=8;
6;07: 3 3 7=95 4=96 3 3=84 9=:9
7;08: 3 3 7=98 5=78 3 5=46 <=57
8;09: 3 3 8=35 5=4< 3 44=8; 4;=:<
9;. 3 3 7=94 3 3 56=<5 5;=86
Wrwdo ;=89 43=:7 5:=<5 43=:4 6=;4 6;=59 433
Gdwd duh h{suhvvhg lq shufhqwdjh ri wrwdo sxeolf wudqvihuv1 Wkh ￿uvw froxpq lqfoxghv Idplo| doorzdqfh dqg
eluwk doorfdwlrq/ wkh vhfrqg +Hgx?4;, lqfoxghv hgxfdwlrq wudqvihuv iru lqglylgxdov |rxqjhu wkdq 4;/ wkh wklug froxpq
lqfoxghv khdowk fduh/ wkh irxuwk lqfoxghv xqhpsor|phqw ehqh￿wv/ wkh ￿iwk lqfoxghv hgxfdwlrq wudqvihuv iru lqglylgxdov
roghu wkdq 4;/ wkh vl{wk lqfoxghv shqvlrq ehqh￿wv/ wkh odvw lv wkh wrwdo wudqvihuv uhfhlyhg e| hdfk djh jurxs1
68Zh fdq wkhq frqvwuxfw rxu uhvwulfwlyh djjuhjdwh ri sxeolf wudqvihuv/ Qw￿m.4J
m
w/
zklfk rqo| lqfoxghv idplo| doorzdqfh/ hgxfdwlrq wudqvihuv iru lqglylgxdov |rxqjhu
wkdq 4;/ khdowk fduh dqg xqhpsor|phqw ehqhwv +h{suhvvhg lq wdeoh D1< lq shu0
fhqwdjh ri wrwdo sxeolf wudqvihuv,1 Ilqdoo|/ wkh udwlr ri dyhudjh wudqvihu shu khdg
lq hdfk djh jurxs ghwhuplqhv wkh uhodwlyh wudqvihu shu khdg lq hdfk djh jurxs1
Qrwh wkdw J9@J lv vpdoohu wkdq J8@J gxh wr wkh vxssuhvvlrq ri xqhpsor|phqw
ehqhwv zklfk fdqqrw eh sdlg diwhu 98 |hduv rog dqg zkrvh ehqhfldulhv frph
wkhq xqghu wkh shqvlrq vfkhph1






30: :=75 :=75 4=955
;04: 45=:6 45=:6 5=55;
4;05: <=<8 9=5: 4=33
5;06: 9=8; 9=66 3=;8
6;07: 9=:9 9=58 3=<34
7;08: <=57 :=44 4=5;9
8;09: 4;=:< :=54 4=754
9;. 5;=86 7=94 3=:7
Wrwdo 433 8:=<6
D17 Hyroxwlrq ri Dwwhqgdqfh Udwlr
Lq rughu wr frqiurqw lw zlwk wkh vlpxodwhg ydoxhv/ wdeoh D143 glvsod|v wkh hyrox0
wlrq ri dwwhqgdqfh udwlr iru kljkhu hgxfdwlrq revhuyhg lq Ehojlxp1
Wdeoh D1431 Dwwhqgdqfh Udwlr iru kljkhu hgxfdwlrq lq Ehojlxp
:4 ;4 <4 <;
Dwwhqgdqfh Udwlr￿ 9=< <=7 47 4;=8
- Vkduh ri lqglylgxdov kdylqj uhfhlyhg kljkhu hgxfdwlrq
Vrxufh= Srsxodwlrq Vxuyh| +LQV/ 4<:3/4<;4/4<<4, dqg Oderu Pdunhw Vxuyh| +LQV/ 4<<;,1
E Vrph Hohphqwv ri wkh Ehojldq Shqvlrq V|v0
whp
Wklv dsshqgl{ phqwlrqv vrph ihdwxuhv ri wkh Ehojldq shqvlrq v|vwhp zklfk mxv0
wli| wkh dvvxpswlrqv pdgh lq wkh pdfurhfrqrplf prgho1 Dv h{sodlqhg ehorz/
wkh Ehojldq shqvlrq v|vwhp doorzv lq vrph h{whqw wr fkrrvh wkh uhwluhphqw djh/
vr wkdw uhwluhphqw ghflvlrq fdq eh frqvlghuhg/ dw ohdvw sduwldoo|/ dv dq lqglylgxdo
ghflvlrq1 Lq dgglwlrq/ wkhuh h{lvwv d uhodwlyho| orz olqndjh ehwzhhq frqwulexwlrqv
dqg shqvlrq ehqhwv/ d idfw wkdw mxvwlhv wkh dvvxpswlrq ri d Ehyhulgjhdq shq0
vlrq v|vwhp + dw shqvlrq ehqhwv,1 Ilqdoo|/ shqvlrq ehqhwv duh kdugo| wd{hg lq
69Ehojlxp/ zklfk pdnhv rxu dvvxpswlrq uhdvrqdeoh1 Iru ghwdlohg h{sodqdwlrqv/
uhihu wr Ghoolv/ hw do +5333,69/ Shvwlhdx dqg Vwlmqv +4<<<, dqg Gh Fdoodwd| H1
dqg E1 Wxuwhoerrp +4<<:,1
Wkh Ehojldq uhwluhphqw lqfrph v|vwhp hvvhqwldoo| uholhv rq wkh sxeolf vrfldo
vhfxulw| surjudpv/ zklfk lv qdqfhg rq d SD\J edvlv +wkurxjk frqwulexwlrqv
0 dprxqwlqj wr 49169( iru zdjh0hduqhu*v vkduhg e| hpsor|huv dqg hpsor|hhv
dqg wr :18( iru sxeolf vhuydqwv0 dqg e| ihghudo Jryhuqphqw,1 Wklv uvw sloodu
pdlqo| frqvlvwv ri irxu frpsrqhqwv= wkh surjudpv iru zdjh0hduqhuv/ iru sxeolf
vhfwru zrunhuv/ iru vhoi0hpsor|hg dqg d jxdudqwhhg plqlpxp shqvlrq v|vwhp
rshudwlqj rq d phdq0whvwhg edvlv1 Zh hvvhqwldoo| ghwdlo wkh wzr uvw rqhv/ dv
wkh wzr rwkhuv rqo| frqfhuq d vpdoo iudfwlrq ri srsxodwlrq1 Lq dgglwlrq wr wkhvh
uhwluhphqw surjudpv/ wkhuh dovr h{lvw hduo| uhwluhphqw surylvlrqv/ zklfk rshudwh
hlwkhu xqghu wkh qdph ri hduo| uhwluhphqw vfkhphv/ ru dv d irup ri rog0djh
xqhpsor|phqw/ ru glvdelolw| surjudpv1
Wkh zdjh0hduqhu*v vfkhph kdv wkh odujhvw qxpehu ri d!oldwhv1 Lw doorzv
iru uhwluhphqw ehwzhhq 93 dqg 98/ dqg wkh fkrlfh ri uhwluhphqw djh grhv qrw
lqgxfh dq| dfwxduldo dgmxvwphqw1 Xqwlo 4<<5/ wkhuh h{lvwhg dq dfwxduldo dgmxvw0
phqw ri 8( shu |hdu ri uhwluhphqw ehiruh 98/ zkloh qr dgmxvwphqw zdv pdgh lq
fdvh ri ghod|hg uhwluhphqw1 Krzhyhu/ wkh fkrlfh ri wkh uhwluhphqw djh lv qrw wr0
wdoo| qhxwudo zlwk uhvshfw wr wkh shqvlrq ehqhwv1 Ixoo hduqlqjv klvwru| frqvlvwv
lqghhg ri 78 | h d u vr iz r u ni r up h q 6: dqg pdq| shrsoh grhv qrw vdwlvi| vxfk d
frqglwlrq dw wkh djh ri 931
Wkh ehqhwv duh edvhg rq wkh hduqlqjv gxulqj wkh shulrgv ri d!oldwlrq df0
fruglqj wr wkh iroorzlqj irupxod =
Ehqhwv @ plq^q@78>4`  dyhudjh zdjh  uhsodfhphqw udwh
zkhuh wkh uhsodfhphqw udwh lv 3=9 ru 3=:/ ghshqglqj rq zkhwkhu wkh uhflslhqw
lv vlqjoh ru wkh khdg ri krxvhkrog dqg wkh dyhudjh zdjh lv wkh dyhudjh zdjh ryhu
wkh shulrg ri d!oldwlrq/ lqgh{hg rq wkh sulfh lqgh{ dqg rq vrph glvfuhwlrqdu|
dgmxvwphqwv iru wkh hyroxwlrq ri jurzwk1 Krzhyhu/ shulrgv vshqw rq uhsodfhphqw
lqfrph +xqhpsor|phqw ehqhwv/ glvdelolw| ehqhwv/ zrunhu frpshqvdwlrq/ 111,
ixoo| frxqw dv |hduv zrunhg dqg wkh lpsxwhg zdjhv duh vhw htxdo lq uhdo whupv
wr wkrvh hduqhg ehiruh hqwhulqj wkh uhsodfhphqw lqfrph surjudpv1
Wkh ehqhwv duh vxemhfw wr vrph plqlpxp dssur{lpdwho| htxdo wr 89( ri
wkh dyhudjh diwhu0wd{ zdjh1 Wkhuh dovr h{lvwv d fds rq shqvlrq ehqhwv +453(
ri wkh dyhudjh jurvv zdjh, dqg dq hduqlqjv whvw +ri dssur{lpdwho| 6331333 ehi,1
Lq dgglwlrq wr wklv uhwluhphqw vfkhphv/ wkhuh dovr h{lvw vhyhudo irupv ri hduo|
uhwluhphqw surjudpv/ zklfk fdq eh glylghg lq wzr jurxsv= pdqgdwru| froohfwlyh
uhwluhphqwv dqg lqglylgxdo hduo| uhwluhphqwv1
Wkh pdqgdwru| uhwluhphqw vfkhphv duh edvhg rq froohfwlyh djuhhphqwv/ zklfk
duh qhjrwldwhg zlwk wkh dfwlyh lqyroyhphqw ri hpsor|hhv dqg hpsor|huv/ hlwkhu
69Prvw ri wkh lqirupdwlrq phqwlrqhg lq wklv dsshqgl{ frphv iurp wklv frqwulexwlrq1
6:Qrwh wkdw iru zrphq d ixoo fduuhhu frqvlvwhg ehiruh ri 73 |hduv ri zrun exw lv qrz lqfuhdvhg
surjuhvvlyho| wrzdugv 78 |hduv1
6:dw wkh vhfwruldo ohyho ru dw wkh lqglylgxdo frpsdq| ohyho1 Iru vrph frpsdqlhv
lq gl!fxow hfrqrplf srvlwlrq/ pdqgdwru| uhwluhphqw dw 83 |hduv rog zdv lqwur0
gxfhg1 Wkhvh surjudpv dlp dw uhgxflqj wkh xqhpsor|phqw ri wkh |rxqj exw
wkh ehqhfldo hhfwv rq wkh oderu pdunhw kdyh ehhq yhu| prghudwh ru doprvw
devhqw1 Wkhvh surjudpv duh yhu| frvwo| iru wkh jryhuqphqw ehfdxvh wkh| uhgxfh
wkh frqwulexwlrq shulrgv dqg lqgxfh dq dgglwlrqdo frvw dv d odujh iudfwlrq ri wkh
hduo| uhwluhphqw frpshqvdwlrq lv sdlg e| wkh ihghudo jryhuqphqw1 Lq dgglwlrq/
uhwlulqj hduo| grhv qrw lqgxfh dq| orvv ri lqfrph iru wkh lqglylgxdo dv |hduv
vshqw rq uhwluhphqw lqfrph frxqw dv zrunlqj shulrgv1 Ixuwkhupruh/ gxulqj wklv
wlph lqglylgxdov gr qrw kdyh wr sd| uhwluhphqw frqwulexwlrqv1
Wkh lqglylgxdo hduo| uhwluhphqw vfkhph lv edvhg rq dq lqglylgxdo*v ghflvlrq
wr uhwluh1 Wkh prvw suhydohqw zd| lv wr sdvv wkurxjk wkh xqhpsor|phqw v|vwhp
lq zklfk shrsoh djhg iw| dqg pruh duh frqvlghuhg dv cdjhg xqhpsor|hg* dqg
gr qrw kdyh wr orrn iru d mre1 Khqfh/ wkh shrsoh wkdw duh xqzloolqj wr frqwlqxh
zrunlqj fdq dvn wkhlu hpsor|hu wr od| wkhp r1 Wklv doorzv wkh hpsor|hu wr
uhsodfh wkh frvwo| rog zrunhu e| d fkhdshu |rxqj rqh1 Vrph shrsoh dwwhpsw wr
surfhhg wkrxjk glvdelolw| lqvxudqfh vfkhph1 Krzhyhu wklv grhv qrw vhhp d yhu|
iuhtxhqw zd| wr uhwluhh lq wkh sulydwh vhfwru dffruglqj Ghoolv hw do1 +5333,/ dv
vfuhhqlqj lv uhodwlyho| vhyhuh dqg ehqhwv duh qrw vljqlfdqwo| pruh lqwhuhvwlqj
wkdq hduo| uhwluhphqw surylvlrqv1
Wkh sxeolf vhfwru hpsor|hhv* vfkhph
Wkh uhwluhphqw lv frpsxovru| dw 98 |hduv rog exw wkhuh dovr h{lvwv d pxowlwxgh
ri zd|v wr uhwluh hduo| wkdq wklv qrupdo djh ri 981 Lw lv srvvleoh wr rsw iru
dq lqfrpsohwh fduhhu dqg uhwluh dw 931 Iru vrph fdwhjrulhv ri zrunhuv/ wkh
qrupdo uhwluhphqw lv orzhu wkdq 98 dqg hduo| uhwluhphqw surylvlrqv duh vrphwlphv
h{wuhpho| jhqhurxv +iru h{dpsoh/ vhfrqgdu| vfkrrov whdfkhuv fdq uhwluh dw wkh
djh ri 88 li wkh| kdyh vx!flhqw |hduv ri vhuylfh,1
Wkh sxeolf vhfwru shqvlrq ehqhwv duh edvhg rq lqfrph hduqhg gxulqj wkh odvw
8 |hduv ehiruh uhwluhphqw dqg frpsxwhg dffruglqj d frpsolfdwhg irupxod/ exw
fdq qhyhu h{fhhg :8 shufhqw ri wkh dyhudjh zdjhv ryhu wkh odvw yh |hduv1 Wkh
shqvlrq lv dovr olplwhg e| d fhlolqj fruuhvsrqglqj wr wkuhh wlphv wkh dyhudjh
jurvv zdjh ri wkh hfrqrp|1 Wkh plqlpxp shqvlrq lv {hg wr 89 shufhqw ri
dyhudjh zdjh iru vlqjoh lqglylgxdov dqg :3 shufhqw iru rqh0hduqhu frxsoh1 Lq
dgglwlrq/ wkh sxeolf shqvlrq ehqhwv duh lqgh{hg rq wkh dyhudjh zdjh +dqg qrw
rqo| rq wkh sulfh lqgh{ dv lq wkh zdjh0hduqhu*v vfkhph,/ hqmr|lqj wkh ehqhwv
ri lqfuhdvhg surgxfwlylw|1
Dvlgh wklv r!fldo urxwh/ sxeolf vhuydqwv fdq dovr uhwluh wkurxjk glvdelolw| sur0
whfwlrq/ zklfk lv pruh olnho| wkdq iru wkh sulydwh vhfwru hpsor|hhv dv vfuhhqlqj
lv ohvv vhyhuh1
Oderu pdunhw sduwlflsdwlrq dqg uhwluhphqw sdwwhuqv
Zh uhsurgxfh khuh vrph wdeohv frpsxwhg e| Ghoolv hw do1 +5333,1 Wkh uvw
rqh looxvwudwhv wkh orz oderu pdunhw sduwlflsdwlrq ri zrunhuv hyhq dw wkh hduo|
djhv ri 830881 Lw dovr kljkoljkwv wkdw sduw0wlph zrunlqj lv d wrwdoo| pdujlqdo
zd| wr uhwluh iru phq lq Ehojlxp1
6;Wdeoh E14=Oderu Pdunhw dqg Ehqhw Surjudpv Sduwlflsdwlrq iru Phq +(,
83  87 88  8< 93  97 98  9< Wrwdo
Zrunlqj ixoo0wlph 57=:4 48=6< 9=97 4=8< 7;=66
Zrunlqj sduw0wlph 4=86 3=<6 3=78 3=4< 6=43
Qrw zrunlqj 3=:6 4=43 3=:7 3=36 5=93
Xqhpsor|phqw ehqhwv 3=96 3=95 3=85 3=34 4=:;
Glvdelolw| Ehqhwv 3=;5 4=56 4=8: 3=35 6=97
Hduo| uhwluhphqw ehqhwv 3=78 6=<7 9=96 4=74 45=76
Sxeolf uhwluhphqw ehqhwv 3=88 4=;3 :=<6 4:=;7 5;=45
Wrwdo 5<=75 58=34 57=7; 54=3< 433=33
Vrxufh = Ghoolv hw do1 +5333,
Wkh wdeoh E151 vkrzv wkh zd|v wr uhwluh iru pdoh zdjh0hduqhuv +dv wkh odfn ri
gdwd pdnhv lw lpsrvvleoh wr vhsdudwh wkh sdwk iru flylo vhuydqwv,1 Zh qrwlfh wkh
lpsruwdqfh ri hduo| uhwluhphqw surylvlrqv dqg wkh lpsruwdqw uroh ri xqhpsor|0
phqw v|vwhp/ zklfk lqfoxghv vrph pdqgdwru| hduo| uhwluhhv exw dovr yroxqwdu|
hduo| uhwluhhv1
Wdeoh E15= Sdwkzd|v wr uhwluhphqw iru phq +(,
Zdjh0hduqhuv
Gluhfwo| wr VV 671;8
Hduo| Uhwluhphqw wkhq VV 791<:
Glvdelolw| wkhq VV ;154
Xqhpsor|phqw wkhq VV <1<:
Wrwdo 433133
Vrxufh = Ghoolv hw do1 +5333,
Wklv frqupv wkh qglqjv ri RHFG +4<<;, uhsruwlqj wkdw/ zkloh vrph hduo|
ghsduwxuhv iurp oderu pdunhw duh ghqlwho| lqlwldwhg e| hpsor|huv6;/ wklv vfh0
qdulr rqo| uhsuhvhqwv d iudfwlrq ri wkh wudqvlwlrqv wr lqdfwlylw|1 Glhuhqw ho0
hphqwv lqghhg vxjjhvw wkdw wkh revhuyhg uhgxfwlrq ri oderu sduwlflsdwlrq dovr
uh hfwv wkh zlvk ri wkh zrunhuv1 Dv vkrzq lq RHFG +4<<;,6</ lq Ehojlxp dv
lq pdq| rwkhu Hxurshdq frxqwulhv pruh wkdq kdoi ri lqdfwlyh phq lq wkh 88097
|hdu0rog djh jurxs fodlphg wkdw wkh uhdvrqv wr ohdyh wkhlu mre zhuh gxh wr hduo|
uhwluhphqw dqg qrupdo uhwluhphqw dqg rqo| ohvv wkdq 8( iru glvplvvdo ru uh0
gxqgdqf|1 Pruhryhu/ wkh sdwwhuqv ri hduo| uhwluhphqw duh uhodwhg wr hpsor|hhv*
fkdudfwhulvwlfv1 Wkh frpsxwdwlrqv ri RHFG +4<<;, vxjjhvw wkdw vrph fdwhjrulhv
ri zrunhuv/ vxfk dv orzhu hduqhuv dqg wkrvh zlwk xqvwdeoh mrev/ kdyh d juhdwhu
surshqvlw| wr uhwluh hduo|1 Lq Ehojlxp/ 8617( ri pdoh zrunhuv zlwk qr ixuwkhu
6;Wkh sdwwhuq ri hduo| uhwluhphqw lq Ehojlxp vhhpv lqghhg wr pluuru wr vrph h{whqw vhfwruldo
hpsor|phqw wuhqgv/ zlwk d kljkhu sursruwlrq ri uhwluhg pdohv djhg 88097 lq ghfolqlqj dqg vorz0
jurzlqj vhfwruv vxfk dv pdqxidfwxulqj/ plqlqj dqg txduu|lqj1
6<Wdeoh LL15
6<hgxfdwlrq dqg 8:17( ri zrunhuv zlwk yrfdwlrqdo wudlqlqj lq wkh djh jurxs 88097
duh uhwluhg zkloh wklv sursruwlrq lv rqo| 691<( iru pdohv zlwk wklug ohyho hg0
xfdwlrq1 Ilqdoo| lw lv dovr lqwhuhvwlqj wr qrwlfh wkdw hduo| uhwluhphqw vfkhphv
zhuh qhjrwldwhg e| xqlrqv1 Wkh| pd| wkxv eh lqwhusuhwhg/ qrw dv dq h{rjhqrxv
fkdqjh/ exw dv wkh h{suhvvlrq ri wkh ghvluh ri hduolhu wudqvlwlrq wr lqdfwlylw| ri
zrunhuv1
Khqfh/ wkhvh hpslulfdo hylghqfh vkrz wkdw uhwluhphqw ghflvlrq frqvwlwxwhv lq
vrph h{whqw dq lqglylgxdo ghflvlrq1 Lw lv wkhuhiruh lpsruwdqw wr orrn iru uhdvrqv
wkdw frxog h{sodlq dq lqfuhdvhg lqglylgxdo wdvwh iru hduolhu uhwluhphqw1
Wd{dwlrq ri Shqvlrqv Ehqhwv
Zkloh zdjhv lqfrphv duh vxemhfw wr kljk dqg surjuhvvlyh wd{hv/ shqvlrq
ehqhwv duh kdugo| wd{hg lq Ehojlxp/ dv wkhuh h{lvwv dq lpsruwdqw wd{ h{hpswlrq
rq wkh lqfrph wd{ dqg yhu| vpdoo sd|uroo wd{1
Wkhuh duh wkuhh frpsrqhqwv ri wd{ rq vrfldo vhfxulw| ehqhwv= d khdowk fduh
sd|uroo ri 6188 (/ d vrolgdulw| lqfrph wd{ ri dw prvw 5( dqg wkh shuvrqdo lqfrph
wd{ wkdw fdq eh yhu| kljk +wkh pdujlqdo wd{ udwh lv 58(,1 Krzhyhu/ iru wkrvh
zkrvh uhsruwhg lqfrph lv uhvwulfwhg wr wkh vrfldo vhfxulw| ehqhwv/ wkhuh lv d
wd{ h{hpswlrq wkdw dprxqwv wr derxw <3( ri wkh phdq krxvhkrog lqfrph1 Wklv
vhhpv wr eh wkh fdvh iru prvw djhg shrsoh lq Ehojlxp dv wkh grplqdqfh ri sxeolf
surjudpv lq rog djh uhvrxufhv lv vwulnlqj +vhh Shvwlhdx dqg Vwlmqv +4<<<,,1 Dv
fdq eh vhhq lq wdeoh E161/ wkh dyhudjh wd{ rq wkh pd{lpxp shqvlrq lv orzhu
wkdq 43( 1 D shqvlrq ehwzhhq wkh plqlpxp dqg wkh pd{lpxp lv wd{ dw 7(1
Wdeoh E161 Djjuhjdwh Wd{dwlrq Udwh rq Vrfldo Vhfxulw| Ehqhwv +(,
Uhodwlyh Jurvv Dprxqw Joredo Wd{dwlrq Udwh
Pd{lpxp Shqvlrq4 49; <=;
+Iorru.Pd{,25 467 7=3
Kljkhvw ]hur Wd{ Shqvlrq 45: 3=3
Iorru5 433 3=3
41Pduulhg Zrunhu zlwk wkh fhlolqj0zdjhv iurp 53 wr 971 51 Pduulhg zrunhu zlwk d frpsohwh fduhhu +78 |hduv,
Vrxufh= Shvwlhdx dqg Vwlmqv +4<<<,
F Prgholqj Ghprjudsk|
Lq wklv prgho lqglylgxdov dozd|v olyh xqwlo :; |hduv rog dqg duh prghohg rqo|
iurp wkh djh ri 4;1 Lq rughu wr wdnh h{solflwo| lqwr dffrxqw wkh lq xhqfh ri
wkh hyroxwlrq ri wkh vkduh ri fkloguhq rq wkh sxeolf qdqfhv/ zh lqwurgxfh wkh
ihfxqglw| udwh +pw, dv d ghwhuplqdqw ri wkh srsxodwlrq jurzwk udwh +qw,1 Li zh
ghqrwh pw @ H4
w @Qw/ zkhuh H4
w uhsuhvhqwv wkh qxpehu ri fkloguhq ehwzhhq 3




















w ghqrwhv wkh qxpehu ri fkloguhq djhg ehwzhhq ; dqg 4: |hduv rog
dw wlph w/ zkr zhuh eruq lq w  4 +ehorqjlqj wr H4
w￿4, dqg zkr zloo frqvwlwxwh
wkh jhqhudwlrq w.41 Wklv irupxodwlrq doorzv wr h{solflwo| wdnh lqwr dffrxqw wkh
hyroxwlrq ri wkh srsxodwlrq vwuxfwxuh/ zklfk lv dq lpsruwdqw ghwhuplqdqw ri wkh
hyroxwlrq ri wkh sxeolf wudqvihuv dfurvv wlph1
Zh wkhq fdoleudwh wkh hyroxwlrq ri wkh ihfxqglw| udwh lq rughu wr uhsolfdwh
dv forvho| dv srvvleoh wkh hyroxwlrq ri wkh jurzwk udwh ri srsxodwlrq dqg ri
wkh ghshqghqf| udwlr/ wzr fuxfldo yduldeohv lq wklv ghedwh1 Vwduwlqj iurp wkh
hyroxwlrq ri wkh ihfxqglw| frpsxwhg e| wkh Ihghudo Sodqqlqj Exuhdx +4<<:d,/ zh
dgdsw wkh hyroxwlrq ri wklv yduldeoh lq rughu wr plqlpl}h wkh vxp ri wkh vtxduhg
huuru ehwzhhq wkh revhuydwlrqv dqg wkh suhglfwhg ydoxhv iru wkh ghshqghqf|
udwlr dqg wkh srsxodwlrq jurzwk ri wkh djh jurxs 4;05:1 Wdeoh F141 uhsurgxfhv
wkh vxevhtxhqw hyroxwlrqv ri wkh srsxodwlrq jurzwk dqg ghshqghqf| udwlr1
Wdeoh F141= Ghprjudsklf yduldeohv
|hduv 4<93 4<:3 4<;3 4<<3 5333 5343 5353
pw 4=5: 4=39 3=;7 3=;; 3=<: 3=<5 3=;<
qw 4=46 4=46 3=<7 3=;< 3=<< 3=<; 3=<7
8;.
4;￿8: 3=68 3=68 3=68 3=6: 3=74 3=7: 3=88
5363 5373 5383 5393 53:3 53;3 53<3 543305483
3=<4 3=<: 4=34 =34 =34 =34 =34 =3
3=<8 3=<9 4=34 =34 =34 =34 =34 =3
3=93 =8: 3=89 3=8: 3=89 3=86 3=84 3=8
G Pd{lpl}dwlrq Surjudp ri lqglylgxdov













































































zkhuh $w @+ 4 z
w ,zw ghqrwhv wkh diwhu0wd{ zdjh dqg zkhuh wkh uvw frq0
vwudlqw lv wkh lqwhuwhpsrudo exgjhw frqvwudlqw +w lv wkh Odjudqjh pxowlsolhu iru
74djhqwv ri jhqhudwlrq w,/ zkloh wkh rwkhu frqvwudlqwv frqfhuq ohlvxuh1 Wkhvh duh
qrq0qhjdwlylw| frqvwudlqwv lq shulrg m @4 >===8 +zlwk 
m
w.m￿4 wkh Nxkq0Wxfnhu
pxowlsolhuv zklfk zloo eh htxdo wr }hur li wkhuh lv qr fruqhu vroxwlrq, dqg htxdolw|
frqvwudlqw iru shulrg m @9+zlwk 9
w.8 wkh dvvrfldwhg Odjudqjh pxowlsolhu,1










w @+ 4 w,$w
























w +4 . f
w.m￿4,
+58,


































zlwk " @4li m  8 dqg " @3rwkhuzlvh1



















































w +4 . f
w.m￿4,

























w.m￿4 @3 iru m @4 >===>8 +5;,
9













75Wkh Odjudqjh pxowlsolhu 9
w.8 fdq eh lqwhusuhwhg dv wkh lpsolflw zdjh uh0
txluhg iru lqglylgxdov wr ghyrwh 4 xqlw ri wlph wr ohlvxuh lq shulrg 91
Iurp +5;,/ +5<, dqg zlwk +%4>% 5>% 6>% 7>% 8>% 9,@+ 3 >3>3>3>%>%,/ zh fdq gh0


































dqg wkh rswlpdo ohlvxuh vxsso|=
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Be n e fit s ove r G DP
Iljxuh H15= Edvholqh Hfrqrp| Prgho +5,
78I Ilvfdo Srolflhv



















Ba se li n e Cons tant Debt
Cons tant expenditures Cs t E xpend & Debt






Ba se lin e Constant Debt
Cons tant expenditures Cs t E xpend & Debt











Ba se lin e Cons tant Debt
Cons tant Expenditures Cs t E xpen & Debt






Ba se li n e Cons tant Debt
Cons tant expenditures Cs t E xpend & Debt








Ba se lin e Cons tant Debt
Cons tant expenditures Cst Expend & Debt




















Ba se li n e Cons tant Debt
Cons tant Expenditures Cs t E xpend & Debt
Iljxuh I14= Frqwulexwlrq ri Ilvfdo Srolflhv wr wkh Sdvw Hyroxwlrq
79J Hqgr0 yv H{rjhqrxv Jurzwk











Baseline Cons tant Education


















Ba se lin e Cons tant Education
















Ba se lin e Cons tant Education










Ba se lin e Cons tant Education











Ba se lin e Constant Education







Baseline Cons tant Education
Iljxuh J14= H{rjhqrxv yv Hqgrjhqrxv Jurzwk Prgho +4,













Ba se lin e Constant Education







Ba se lin e Cons tant Education

















Baseline Cons tant Education







Ba se lin e Cons tant Education



















Ba se lin e Cons tant Education


















Ba se lin e Cons tant education
Iljxuh J15= H{rjhqrxv yv Hqgrjhqrxv Jurzwk Prgho +5,
7;K Sxeolf Ghew Uhgxfwlrqv












Baseline Debt 2000 Debt 1 5%


















Ba se li n e Debt 2000 Debt 1 5%




















Ba se lin e Debt 2000 Debt 1 5%









Ba se lin e Debt 2000 Debt 1 5%












Ba se lin e Debt 2000 Debt 1 5%





















Ba se li n e Debt 2000 Debt 1 5%
Iljxuh K14= Wkh Ixwxuh= Hhfw ri Ydulrxv Uhgxfwlrqv lq Sxeolf Ghew










Debt 2000 Ba se lin e Debt 1 5%










Ba se lin e Debt 2000 Debt1 5%








Baseline Debt 2000 Debt 1 5%









Ba se lin e Debt 2000 Debt 1 5%









Ba se l in e Debt 2000 Debt 1 5%








Ba se lin e Debt 2000 Debt 1 5%
Iljxuh K15= Hyroxwlrq ri Frqvxpswlrqv xqghu Sxeolf Ghew Uhgxfwlrqv
83L Shqvlrqv Uhirupv
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Fully-Funded (d2000) T ax reform

















Ba se lin e Fu lly -Fu n d e d  ( d 60%)
Fully-Funded (d2000) T ax reform (d60%)
















Ba se li n e Fu lly -Fu n d e d  (d 60%)
Fully-Funded (d2000) T ax reform
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Iljxuh L14= Wkh Ixwxuh= Hhfwv ri Ydulrxv Shqvlrq Uhirupv
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Iljxuh L15= Hyroxwlrq ri Frqvxpswlrq xqghu Shqvlrq Uhirupv
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Iljxuh M14= Rshq Hfrqrp| Vfhqdulr +4,

























Ba se lin e Openeco



















Ba se li n e Openeco



















Iljxuh M15= Rshq Hfrqrp| Vfhqdulr +5,
87M15 Wkh Ydoxh Ri 4
Wklv wdeoh ghwdlov wkh edvholqh vfhqdulr zlwk dq dowhuqdwlyh ydoxh ri wkh sdudp0
hwhu  @ =81
Wdeoh M14= Hqgrjhqrxv yduldeohv  @3 =8
Hqgrjhqrxv yduldeohv 4<93 5333 5483
Uhwluhphqw djh 96=69 3 =;9 5 =6
Iudfwlrq ri Wlph ghyrwhg wr hgxfdwlrq :=6( 53=;( 4<=4(
Shqvlrq ehqhwv ryhu JGS 7( 8=;( 9=7:(
Hgxfdwlrq h{shqglwxuhv ryhu JGS 3=5:( 4=<( 4=<(
Dqqxdo rxwsxw jurzwk udwh 4=:4( 6=4<( 4=<7(
Dqqxdo lqwhuhvw udwh 7=9( 7=8( 7=8(
Oderu lqfrph wd{ 57( 76=<( 6:=4(
Uhsodfhphqw udwh 89=;( 96=<( :7=9(
88